
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD135331

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; AUG 1957. Other
requests shall be referred to Air Force Arnold
Engineering Development Center, Tullahoma, TN
37389.

aedc usaf ltr, 31 aug 1976



AEDC- TR-57 -8 ~, 
ASTIA DOCUMENT NO. 
AD·135331 

@ 

@ 

THERMODYNAMIC PROPERTIES OF AIR: 
TABLES AND GRAPHS DERIVED FROM THE 
BEATTIE-BRIDGEMAN EQUATION OF STATE 

ASSUMiNG VARIABLE SPECIFIC HEATS 

By 

R. E. Randall; GDF, ARO, Inc. 

August 1957 

ARNOLD ENGINEERING 
DEVELOPMENT CENTER 

@ 

@ 

AIR RESEARCH AND DEVELOPMENT COMMAND 

PROPERTY OF u.s. AIR FORCE 
AEDCTE~CALLrnRARY 

TN 37389 

I} 7 



~ ~ . r  i~.~ ~ . ,~} ~. ,.~,_ 



AEDC-TR-57-8 
ASTI A DOCUMENT NO.: 

AD-135331 

THERMODYNAMIC PROPERTIES OF AIR: 

TABLES AND GRAPHS DERIVED FROM THE 

BEATTIE-BRIDGEMAN EQUATION OF STATE 

ASSUMING VARIABLE SPECIFIC HEATS 

By 

R. E. Randal l  
GDF, ARO, Inc. 

August 1957 

P r o j e c t  No. 933002 
Cont rac t  No. AF 40(600)-700 Sup. 6(58-1) 

A F  - A E ' J C  



AEDG.TR*b'7-8 

CONTENTS 

Page 
S U M M A R Y  . . . . . . . . . . . . . . . . . . . . . . . .  5 
N O M E N C L A T U R E  . . . . . . . . . . . . . . . . . . . .  6 
IN T R O D U C  T I O N  . . . . . . . . . . . . . . . . . . . . . .  7 
T H E R M O D Y N A M I C  E Q U A T I O N S  . . . . . . . . . . . . . . .  7 
T A B U L A T I O N  O F  C O N S T A N T S  . . . . . . . . . . . . . . .  9 
C A L C U L A T I O N  P R O C E D U R E  . . . . . . . . . . . . . . . .  10 

I s e n t r o p i c  E x p a n s i o n  . . . . . . . . . . . . . . . . . .  10 
N o r m a l  S h o c k  W a v e s  . . . . . . . . . . . . . . . . . .  11 

R E F E R E N C E S  . . . . . . . . . . . . . . . . . . . . . . .  16 

ILLUSTRATIONS 

F i g u r e  

1. M o l l i e r  D i a g r a m  . . . . . . . . . . . . . . . . . . .  17 

2.  S p e c i f i c  H e a t  a t  C o n s t a n t  P r e s s u r e  v s  P r e s s u r e  . . . . .  19 

3. S p e c i f i c  H e a t  a t  C o n s t a n t  V o l u m e  vs  P r e s s u r e  . . . . . .  20 

4. R a t i o  o f  S p e c i f i c  H e a t s  v s  P r e s s u r e  . . . . . . . . . .  21 

5. D e n s i t y  R a t i o  v s  P r e s s u r e  . . . . . . . . . . . . . . .  22 

6.  S p e e d  o f  S o u n d  R a t i o  S q u a r e d  vs  P r e s s u r e  . . . . . . .  23 

7. E n t h a l p y  R a t i o  v s  P r e s s u r e  . . . . . . . . . . . . .  24 

8. C o r r e c t i o n  F a c t o r  ~ v s  P r e s s u r e  . . . . .  , . . . . .  25 

9. C o r r e c t i o n  F a c t o r  L vs  P r e s s u r e  . . . . . . . . . . .  26 

10.  C o r r e c t i o n  F a c t o r  E/F  vs  P r e s s u r e  . . . . . . . . .  27 

APPENDIX 

T a b l e s  o f  T h e r m o d y n a m i c  P r o p e r t i e s  o f  A i r  . . . . . . . . . .  29 

3 



AEDC-T R-b"7-8 

SUMMARY 

The B e a t t i e - B r i d g e m a n  equa t ion  of s t a t e  was  u s e d  to  
c a l c u l a t e  s e v e r a l  of  the  t h e r m o d y n a m i c  p r o p e r t i e s  and flow 
p r o c e s s  c o r r e c t i o n  f a c t o r s  fo r  a i r .  The  i n c r e a s e  in the  
s p e c i f i c  h e a t s  due to  the  v i b r a t i o n  of d i a t o m i c  m o l e c u l e s  was  
i n c l u d e d  by a s s u m i n g  the  m o l e c u l e s  to  be p e r f e c t  h a r m o n i c  
o s c i l l a t o r s .  Th i s  r e p o r t  c o n t a i n s  the  e q u a t i o n s  u s e d  and the  
t abu la t ed  r e s u l t s  of t h e s e  c a l c u l a t i o n s .  G r a p h s  a r e  i n c l u d e d  
to  p r o v i d e  a g e n e r a l  p i c t u r e  of the  e f f e c t s  of t e m p e r a t u r e  and 
p r e s s u r e  on the  t a b u l a t e d  quan t i t i e s .  In o r d e r  to  i l l u s t r a t e  
the  u s e  of the  t a b l e s ,  the  c a l c u l a t i o n  p r o c e d u r e s  and the  r e -  
su l t s  of  s e v e r a l  c a l c u l a t i o n s  a r e  i nc luded .  T h e s e  p r o c e d u r e s  
and r e s u l t s  a r e  for  i s e n t r o p i c  e x p a n s i o n s  and f low t h r o u g h  
n o r m a l  shock  w a v e s .  
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NOMENCLATURE 

,4o 

b 

Bo 

¢ 

c. 
Cv 

e l  J e l  J es 

F 

g, ,  to g, 

I 
] 

K 

L 

M 

P 

R 

$ 

T 

X 

Y 

P 

0. 30931 ft a / lb  mol  

4906.5 ft 3 lb / in .  2 lb tool 

-0 .17636 ft 3/11:) mol  

0. 73860 ft ~/ lb tool 

4. 0543 x 106 ft a ° R / l b  tool 

Specific heat ,  Btu/lbo at constant  p r e s s u r e  

Specific heat ,  B tu / lb ,  at constant  volume 

Defined by Eq. (1) 

Defined by Eq. (11) 

Defined by Eq. (2) 

Defined by Eq. (7) 

Defined by Eq. (8) 

Defined by Eq. (9) 

Defined by Eq. (10) 

Mach number  

P r e s s u r e ,  p s i a  

Gas  constant ,  f tSlb/ tn .  2 ° R l b  tool 

En t ropy ,  Btu / lb  OR 

T e m p e r a t u r e ,  OR 

Defined b y  Eq. (15) 

Specific heat  r a t io  

Density° lb / f t  a 

PRESU BSCRIPTS 

o Per fec t  gas p r o p e r t y  

SUBSCRIPTS 

N2 

02 

t 

vib 

Nitrogen 

Oxygen 

Total  ( i sentropic  s tagna t ion  condition) 

Vibra t iona l  component  
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II'ITRODUCTIOI'I 

The research work of recent years has created the need for a method 
of calculating the thermodynamic properties of air with an accuracy greater 
than that provided by the perfect gas equations. The Beattie-Bridgeman 
equation of state and its accompanying thermodynamic equations provide 
this increased accuracy only by increasing the complexity of the calculation 
procedure. The need for an accurate calibration of the wind tunnels at 
the Gas Dynamics FacilitYJ Arnold Engineering Development Center 
(GDF J AEDC) has encouraged further study of this equation. 

A similar study of the Beattie-Bridgeman equation of state was made 
by Crown (see Ref. l)J whose results were presented in graphical form. 
The work by Crown is extended and elaborated upon in Ref. 2. 

This report presents the tables and graphs of several of the thermo
dynamic properties and flow process correction factors for air which were 
calculated using the Beattie - Bridgeman equation. A method of calculating 
isentropic expansions and flow through normal shock waves is included as 
well as the tabulated results of several sample calculations. The tables 
cover a temperature range from 700 to 22000 R and a pressure range from 
0.025 to 4000 psia. 

THERMODYI'IAMIC EQUATIOI'IS 

This report is intended for use with the basic theoretical work in 
which these equations were derived (Ref. 2). The material in Ref. 2 will 
permit the calculation of many additional types of thermodynamic processes 
and of the properties of gases other than air. The tables for thermodynamic 
properties of air J given in the appendix of this reportJ were computed using 
the Beattie - Bridgeman equation of state in the form 

P = JlL +(B-~- _c_) JlL+ (~ -Bob _~) ~ +(Bob
C

) PcT 
v aRT T3 v 2 R T T3 v 3 T3 v 4 

In order to show the type of expressions used to calculate the tabulated 
values J the equations below are included: 

e 1 = Bo - :~ - ;3 
-~ -B b _ Boc 

e 2 - RT a ~ 
(1) 

Bobc 
e 3 = T3 

7 



AEDC·TR·57~8 

7 [e 2e, - 4e 1 (e 2
2 + e 1e,) + 6e 1' (2e 2 - e 1

2
)] 

(RT) 5 

C C + 6R c P (1 + Bo Bo b 2) 
o V + vib T' -2- P - -3 - P 

] = 1 oy-l [C (B _ 2Ao _~) 2 (3Aoa _ 5Boc _ B b) '( 2Bobc )~ 
+ + P 0 R T T' + p 2R T 2 T' 0 + P T' oy 

L = p 
pRT! 

The entropy change between two conditions is given by 

8 

(2) 

(3) 

(4) 

(5) 

(6) 

(7 ) 

(8) 

(9) 

(10) 

(11) 
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TABULATION OF CONSTANTS 

The B-eattie-Bridgeman constants used in the numerical computations 
for the thermodynamic properties of air are: 

ft3 lb 
Ao = 4906.5 ~in"2-=:I7-b-m-o-;-l-

Bo = 0.73860 
lb mol 

Other constants used in the computations are: 

oY = 1.4000 oCv = 0.17141 

R = 10.729 = 0.068561 Btu 
Ib oR 

ft3 
a = 0.30931 -:-:---"-=-~ 

lb mol 

ft3 
b = -0.17636 --

lb mol 

c = 4.0543 X 106 ft
3 oR 

Ib mol 

Btu 

The vibrational specific heat was calculated from the equation 

Cvib = 706.85/ T 245.22/ T [ J
2 [ 

sinh (3054.9/T) + sinh (2046.1/ T) J 
The quantity G was calculated using the expression 

G = 0.78088 G + 0.20950 G = - 4770.9/ T _ 857.29/ T 
N2 O2 1 - exp ( 6109.7 /T) 1 - exp (4092.1/T) 

The value of E was obtained by the equation 

[ 

exp GN E _ 2 

- l-exp(-6109.7/T) [ 
____ e-,-x_p _G_O--=---,----,--_J 0.20950 

1 - exp (-409;.1/ T) 

9 



AEDC· T R-57·8 

CALCULATION PROCEDURE 

ISENTROPIC EXPANSION 

After an isentropic expansion from the stagnation conditions Ttl and 
Ph to a pressure, Pi' the Mach number, M

1
, and temperature, T

1
, can 

be obtained as follows: 

(1) Determine the perfect gas values of the Mach number aMi' 
and the temperature, oTl; "~ 

(2) From the enclosed tables find the values of 1
1

, '1' Kl J for 
the values of P

1 
and oT

1
• Obtain the values of 'tl and Ktt 

for the values of Ph and Ttt • 

(3) Solve for Ml and T1 from the following two equations: 

Jtt ( Ptt Kl )4 - J 1 

Pi Ktt M = 0.2 Ii 1 
(12) 

Tl = 
Ttl Jtt 

0.2 11 M 12 + J 1 

(13) 

(NOTE: The last value ~~tned fa:'" quanif;T~~Uld be substituted in 
subsequent equations which require that quantity. For example, the 
value for Ml obtained with Eq. (12) should be used in Eq. (13) to 
calculate T .) 

1 

(4) Determine new values of 1
1

, '1 J K
1

, using P1 and the value 
of T1 obtained from solving Eq. (13). 

(5) Solve Eq. (12) for M1 and Eq. (13) for T1 • Repeat this iter
ation process until successive approximations produce the 
same value of M and T to the accuracy desired. 

1 1 

Several values found by using this procedure are listed in the 
following table: 

10 
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CALCULATED VALUES 

Eqs. 

PO'" 
2200 2200 

BB** 

PO 
2000 2200 

BB 

PO 
2000 1500 

BB 

PO 
2000 1000 

BB 

PO 
1500 1000 

BB 

*Perfect gas equation 
**Beattie-Bridgeman equation 

NORMAL SHOCK WAVES 

0.150 

0,100 

0.750 

1. 50 

10.0 

T M 
1 1 

142 8.52 

155 8.46 

130 8.93 

141 8.86 

158 6.53 

162 6.56 

128 5.84 

127 5.89 

239 3,99 

238 4.02 

With Ttl, Ptl (stagnation condition ahead of shock wave). and Pt2 

(behind the shock wave) known, the Mach number. Ml> ahead of normal 
shock wave can be obtained. Additional gas properties obtained during 
the calculation process are: Pi' T

1
, P2 , T

2
, Tt2 and pjP

2
• The calculation 

procedure is as follows: 

(1) Assuming Tt2 "" Ttl and using the values of Ptl and Pt2 J determine 
I t1 and I t2 from the enclosed tables. 

(2) Solve for Tt2 using the equation 

T = Ttl J u (14) 
t2 J t2 

(3) Determine It2 for Pt2 and the value of Ttl obtained with 
Eq. (14). 

(4) Solve Eq. (14) again for Tt2 • Repeat this iteration proc
ess until successive approximations produce the same value 
of T t2 to the accuracy desired. 

11 
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(5) Calculate the perfect gas values of aMI' all ' oP 1 , 0 12' oP
2

, 

and o(pJ p) . 

(6) Determine It' /1' (p 10P)1 for 011 and oP1 ; /a' K2 , (pi OP)2 for 
0 12 and oPa ; and Kia for 1 t2 and Pta' Solve in order for 
X , X, T

t
, 1

2
, P and P from the following equations: 

1 2 2' 1 

M2 
(15) Xl 

I 

Ma+5~ 
1 II 

Xa = Xl (P 11 Pa)2 (16) 

11 
Ttl Itt (1- Xl) (17) J 1 

12 = 
Ttl J tl (l - Xa) (18) 

J 2 

Pa 
Pta K2 (~r5 

Kta T ta 
(19) 

T 1 [ ( pIOP)2 Xa Ttl J tl + 0.14286 T2 ] 

(20) PI = Pa Ta[(p/oP)1 Xl Ttlltl +0.14286T1 ] 

(NOTE: The last value obtained for a quantity should be substituted in 
subsequent equations which require that quantity. For example, when 
calculating P with Eq. (20) the values of X , X , 1, T , and P obtained 

1 I 2 I 2 2 

in Eq. (15) through (19) should be used in Eq. (20).) 

12 

(8) Determine I, / , K ,L for the new values of 1 and P . and 
1 1 1 1 1 l' 

/2' K2 , L2 for the new values of la and P
2

' 

(9) Solve for ptl P2 and MI from the following equations: 

(21) 

(22) 

(10) Repeat the above procedure for Xl' X
2

, 11' 1
2

, P
2

' and Pl' 
Determine new values I, / , K ,L for these new values 

I I I I 

of P and T; / , K ,L for the new values of P and 12 and 
I I 2 2 2 2 

solve for Pip and It}. Continue this iteration process 
I 2 I 

until all calculated values repeat to the accuracy desired. 
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W',th T d M K h' P tl' an 1 nown 

The static conditions before and after a normal shock wave and the 
stagnation conditions after the shock can be determined when M

" 
Ptl' and 

Ttt are known. The gas properties obtained during the calculation process 
are: PI' TI , P

2
, T2, Ptl' Tt2 and p/P2 ' The calculation procedure is as 

follows: 

(1) Calcul~te the perfect gas values of OPt' OTt' oP2, oT2, and 
o pt2 ' 

(2) Determine 11' 'I' KI , from the enclosed tables for oP
I 

and 
OTI; 'tt' Ktt for Ph and Ttl' 

(3) Solve in order for Xl' T
" 

and PI from the following equations: 

M2 
(15) I 

M 2+5~ 
I II 

Ttl 'tt 
II 

(l - XI) (17) 

Ptl Kl (~r5 (23) 
Kt, Ttl P = I 

(NOTE: The last value obtained for a quantity should be substituted in 
subsequent equations which require that quantity. For example, when 
calculating PI with Eq. (23), the value of T, obtained in Eq. (17) should 
be used in Eq. (23).) 

(4) 

(5) 

(6 ) 

(7) 

Determine I, , ,K for these new values of P and T. 
I I I I I 

Repeat the above calculation procedure for Xl' T
I

, and PI' 
This iteration process should be continued until all cal
culated values repeat to the accuracy desired. 

Determine Ll for PI and T, ; '2' L2 for 0 P2 and oT2 • 

Solve in order for p /p , X , T , and P from the following 
I 2 2 2 2 

equations: 

(18) 

(24) 

13 
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.14 

(8) 

(9) 

(10) 

(11) 

Determine 12 and L for these new values of P and T, 
2 2 2 

Repeat the above calculation procedure for p /p , X , T , 
I 2 2 Z 

and P
2

' This iteration process should be continued until 
all calculated values repeat to the accuracy desired. 

Assuming oTea = oTt! determine ol tz and oKtz· 

Solve for Tt2 and Pt2 from the following equations: 

Tta = 
Ttl Itl 

Ita 
(14) 

Pt2 
P2 Kt2 ( ~:2 ts Ka (25) 

(12) Determine Ita and Kt2 for these new values of Tta and Pta' 

(13) Repeat the above calculations for Ttz and Pta' This it~.ra
tion process should be continued until all calculated values ..,..--' 
repeat to the accuracy desired . 
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CALCULATED VALUES 

Eq. Ptl Ttl Pt2 PI TI P2 T2 P1 / P2 T t2 Ml 

PG* 0.519 147 35.9 1842 0.181 1900 7.71 
4000 1900 40 

BB** 0.508 154 36.2 1877 0.171 1925 7.78 

PG 0.389 147 27.0 1842 0.181 1900 7.71 
3000 1900 30 

BB 0.385 155 27.1 1871 0.172 1919 7.74 

PG 0.324 147 22.5 1842 0.181 1900 7.71 
2500 1900 25 

BB 0.323 156 22.6 1867 0.172 1915 7.72 

PO 0.259 147 18.0 1842 0.181 1900 7.71 
2000 1900 20 

BB 0.260 156 18.1 1864 0.172 1912 7.70 

PG 0.195 147 13.5 1842 0.181 1900 7.71 
1500 1900 15 

BB O. 195 156 13.6 1861 0.172 1909 7.68 

PG 0.130 147 8.98 1842 0.181 1900 7.71 
1000 1900 10 

BB 0.131 157 9.04 1858 0',172 1906 7.66 

PG 0.0648 147 4.49 1842 0.181 1900 7.71 
500 1900 5 

BB 0.0659 157 4.52 1855 0.172 1903 7.64 

PO 0.0523 101 6.31 2134 0.175 2200 10.20 
2500 2200 7 

BB 0.0526 110 6.36 2167 O. 163 2218 10.10 

PG 0.0997 108 9.91 1901 0.176 1960 9.24 
2500 1960 11 

BB 0.0994 115 9.97 1928 O. 167 1976 9.23 

PG 0.171 131 13.5 1844 0.179 1900 8.22 
2000 1900 15 

BB 0.171 139 13.6 1865 0.170 1912 8.21 

PG 3.19 328 88.8 1837 0.201 1900 4.90 
1500 1900 100 

BB 3.20 348 89.4 1855 O. 192 1909 4.87 

PG 1. 40 259 44.5 1645 0.197 1700 5.28 
1000 1700 50 

BB 1. 38 271 44.7 1657 0.189 1705 5.26 
--

*Perfect gas equation 
**Beattie-Bridgeman equation 

15 
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APPENDIX 

TABLES OF THERMODYNAMIC PROPERTIES OF AIR 



Temperature 70°R 

p Op ~ Y P/oP I J K L E~ 

.025 .24033 .17157 I .)4007 1.0006 .9993 .9994 .9986 I.OOOO .9992 

.050 .24068 .17173 i .4015 1.o012 .9987 .9989 .9972 1.0000 .9984 

.075 .24103 .17190 1.4022 I .oo18 .9981 .9983 .9958 .9999 .9976 

.io .24139 .17206 i .4030 1.0024 .9974 .9977 .9944 .9999 .9968 

.15 .24211 .17238 i .4045 1.oo35 .9961 .9966 .9916 .9999 .9951 

.20 .24283 .17271 1.4o6o I.OO47 .9948 .9955 .9888 .9998 .9935 

.25 .24356 .17304 1.4075 1.0059 .9935 .9943 .9860 .9998 .9919 

.30 .2)4428 .17337 1.4091 1.0071 .9922 .9932 .9832 .9998 .9902 

.40 .24576 .17402 1.4122 1.0096 .9896 .9909 .9776 .9997 .9870 

.50 .24724 .17469 1.4154 i .0120 .9870 .9885 .9720 .9996 .9837 

.60 .24875 .17535 1.4186 1.0145 .9843 .9862 .9664 .9995 .9804 

.70 .25027 .17602 i .4218 i .0170 .9817 .9839 .9608 .9994 .9771 

.80 .25181 .17669 1.4251 i .0195 .9790 .9815 .9552 .9993 .9739 

.90 .25337 .17737 1.4285 1.0221 .9763 .9792 .9496 .9992 .9706 
1.0 .25495 .17805 1.4319 i .0246 .9736 .9768 .9)4)40 .9991 .9673 
1.5 .26314 .18150 1.4498 1.0379 .9599 .9648 .9159 .9987 .9507 
2.0 .27189 .18505 1.4693 i .0520 .9458 .9524 .8878 .9982 .9339 
2.5 .28128 .18870 1.4906 1.0668 .9313 .9396 .8596 .9977 .9170 
3.0 .29140 .19247 1.5140 1.0825 .9163 .9264 .8312 .9971 .8998 
4.0 .31434 .20040 i .5686 1.1169 .8848 .8987 .7742 .9962 .8647 



TemperaL~a~e 75"R 

p % y p/op I K L 

.025 .24024 ,17153 1,4006 i ,0005 ,9995 ,9996 .9989 1,0000 

.050 .24052 .17166 1.4011 i .0009 .9989 .9991 .9979 1.0000 

.075 .24079 .17178 i .4017 1.0014 .9984 .9987 .9967 .9999 

.i0 .24106 .17190 i .4023 i .0019 .9979 .9982 .9956 .9999 

.15 .24161 .17215 1.4035 1.0028 .9969 .9973 .9935 .9999 

.20 .24217 .17240 1.4047 1.0037 .9959 .9965 .9914 .9999 

.25 .24271 .17264 i .4059 i .0047 .9948 .9956 .9892 .9998 

.30 .24328 .17289 1.4071 1.0056 .9938 ,9947 .9870 .9997 

.40 .24439 .17339 i .4095 i .0076 .9917 .9929 .9826 .9996 
,50 .24554 ,17389 1.4120 I .0095 .9897 .9911 ,9783 .9995 
.60 .24667 .17439 1.4145 1.0114 .9876 .9893 .9739 .9995 
.70 .24782 .17490 1.4169 1.0134 .985~ .9875 .9695 .9993 
.80 ,24897 .17540 i .4194 1.0153 ,9832 .9856 .9652 .9993 
.90 .25015 .17591 1.4220 1.0173 .9811 .9838 .9609 .9992 

i .0 .25132 .17642 1.4246 1.0193 .9790 .9820 .9566 .9991 
1.5 .257J.~ .17900 :I .4382 1,0296 .9682 ,9727 .9347 .9985 
2.0 .26385 .18164 1.4526 1.0403 .9572 .9632 .9129 .9980 
2.5 .27062 .18434 i .4680 1.0515 .9459 .9535 .8909 ,9974 
3.0 .27774 .18710 1.48~4 1.0631 .9342 .9436 .8690 .9969 
4.0 .29341 .19284 1.5215 1.0882 .9103 .9229 .8248 .9957 
5.0 .31125 .19889 1.5649 1.1160 .8849 .9012 .7800 .9943 
6.0 .33198 .20531 i .6170 1.1465 .8581 .8781 .7350 .9933 

E/r 

,9994 
.9988 
,9981 
.9975 
,9963. 
.9950 
;9938 
,9926 
.9901 
,98?6 
.985o 
.9825 
.9800 
.9775: 
,975o 
.9624 
.9497 
.9368 
.9239 
.8975 
,8705 
.8427 



Temperature 80"R 

p Cp C v Y P/oP I J K L E/F 

.025 .24019 .17151 1.4004 1.0004 .9995 .9996 •9991 1.0000 .9995 

.050 .24039 .17160 1.4009 1.0008 .9991 • 9993 .9982 1.0000 .9990 
• 075 .24061 .17169 i .4014 i. 0011 • 9987 .9989 • 9974 i. 0000 • 9985 
• I0 .24082 .17179 I •4018 1.0015 • 9983 .9986 .9966 .9999 .9981 
.15 .24125 .17198 1.4028 1.0023 .9975 .9979 .9948 .9999 .9971 
.20 .24168 .17217 1•4037 i~0030 .9966 .9972 .9931 .9998 .9961 
• 25 .24211 .17236 1.4047 1.0038 .9958 .9965 .9914 .9998 .9951 
.30 •24256 .17255 1.4057 I •0045 .9950 •9958 •9898 •9998 .9942 
• 40 :24341 .17294 1.4075 i~0061 •9932 .9943 •9862 •9996 .9923 
• 50 .24429 .17332 1•4095 1•0076 .9916 .9929 .9828 .9995 .9903 
.60 .24519 .17371 1•4115 1.0092 •9899 .9915 •9793 .9994 .9883 
.70 .24608 .17410 I •4134 1.0107 .9881 .9900 .9759 •9994 .9864 
.80 .24696 .17448 1.4154 1•0123 .9864 .9886 .9725 •9992 .9844 
.90 •24787 •17487 1•4175 1•0139 •9847 •9872 •9690 •9991 •9825 

1.0 .24879 .17527 1.4195 1.0155 .9829 .9857 .9656 •9990 .9806 
1.5 .253~ •17724 1•4299 1.0236 .9742 .9784 .9484 •9985 .9708 
2.0 .25832 .17925 i.~Ii 1•0320 .9655 .9709 •9311 .9980 .9609 
2.5 .26335 •18130 1•4526 1.0407 .9564 .9634 .9137 •9974 .9509 
3.0 .26864 .18338 1.4649 1.0497 .9472 .9556 .8964 •9969 .9409 
4.0 •27994 .18766 i •4917 1.0687 .9283 •9398 .8615 .9957 •9206 
5.0 .29241 .19213 1•5219 1•0893 .9087 .9232 •8262 •9943 •8999 
6.0 .30629 .19680 1.5564 1•1116 .8881 .9059 .7906 .9930 .8788 
7.O .32193 .20169 1.5962 1.1359 .8665 .8878 .7546 .9916 .8572 



TemperaL'ure 85"R 

p cp c, Y p/op I x L 

.025 .24014 .17148 1.40o4 1.00o3 .9997 .9997 .9993 1.0000 .9996 

.o5o .24030 .17156 1.4007 1.0006 .9993 .9994 .9986 1.0000 .9992 

.o75 .24049 .17163 1.4o12 1.00o9 .9990 .9991 .9979 1.00oo .9988 

. io .24065 .17171 1.4o15 I. o012 .9986 .9989 .9973 .9999 .9985 

.15 .24099 .17186 1.4022 i. oo19 .9979 .9983 .9958 .9998 • 9977 

.20 .24134 .17201 1.4031 I.OO25 .9972 .9977 .99~4 .9998 .9969 

.25 .24167 .17216 1.4038 1.oo31 .9965 .9971 .9931 .9998 .9962 

.30 .24202 .17231 1.4o46 1.o037 .9958 .9966 .9918 .9997 .9954 

.4o .24270 .17261 1.4o61 1.0050 .9944 .9954 .9889 .9996 .9938 

.50 .24341 .17291 I. 4077 i. 0O62 • 9930 • 9943 .9862 • 9996 • 9924 

.60 .2~J$ii .17321 1.4093 1.0075 .9916 .9931 .9834 .9994 .9908 

.70 .2~J480 .17351 1.4109 i .0088 .9902 .9920 .9806 .9993 .9892 

.8o .24552 .17382 1.4125 1.OlOl .9888 .9908 .9779 .9<)92 .9878 

.90 .24622 .17412 1.4141 1.0114 .9874 .9896 .9751 .9991 .9862 
I:0 .24694 .17443 1.4157 1.0126 .9859 .9885 .9724 .9991 .9846 
1.5 .25057 .17597 1.4239 1.0192 .9787 .9826 .9585 .9986 .9769 
2.0 .25437 .17753 1.4328 1.0260 .9716 .9766 .9445 .9980 .9691 
2.5 .25826 .17911 i.Id419 1.o329 .9643 .9706 .9306 .9975 .9613 
3.o .26226 .18071 i .4513 1.04oo .9567 .96~ .9167 .9970 .9534 
4.o .27o76 .184oo 1.4715 1.o549 .9415 .9519 .8887 .9959 .9375 
5 • o .27991 .18739 i. 4937 i.o708 .9257 .9389 .8603 .9946 .9212 
6.0 .28989 .19089 1.5186 i.o876 .9o97 .9256 .8319 .9934 .9048 
7 • 0 .30075 .19453 1.5460 1.1057 .8928 .9117 .8032 .9920 .8881 
8.0 .31269 .19831 1.5768 1.1250 .8754 .8973 .7742 .9907 .8710 
9.0 .32597 .20224 1.6118 1.1458 .8572 .8822 .7450 .9892 .8536 



Tempera%~=me 90"R 

p % p/op I .I K L s #  

• 025 .24011 .17147 1.4003 l.OO03 • 9997 • 9998 • 9994 1.0000 .9997 
• 050 .24025 .17153 1 .4006  1 .0005  • 9994 • 9995 .9989 1 .0000  • 9994 
.075 .24038 .17159 1.4oo9 i.ooo8 .9991 .9993 .9983 .9999 .9991 
• 1(3 .24052 .17165 i. 4o12 i. OOlO • 9988 .9991 .9978 .9999 .9988 
.15 .24o79 .17177 1.4o19 1.0o15 .9982 .9986 .9966 .9999 .9981 
.20 .24107 .17188 1.4025 i.oo21 .9977 .9981 .9954 .9998 .9975 
.25 .24134 .172oo 1.4o31 1.0o26 .9971 •9977 .9943 .9998 .9969 
.30 .24162 .17212 1.4o38 1.oo31 .9965 .9972 .9932 .9997 .9963 
.4o .24217 .17236 i. 4050 I. oo41 • 9953 .9962 .9911 .9997 .9951 
• 50 .24273 .1726o 1.4o63 1.oo52 .9941 • 9953 .9887 • 9995 .9938 
,6o .24331 .17284 1.4077 i.oo62 .9930 .9944 .9865 .9995 .9927 
.70 .24385 .173o8 1.4o89 I.OO73 .9918 .9934 .98~2 .9993 .9914 
.80 .24442 .17332 1.4102 1.0083 .9906 .9925 .9819 .9993 .9901 
.90 • 24499 .17356 1.4116 i. 0094 .9895 .9915 • 9797 .9992 .9889 

1.0 .24557 .17381 1.4129 1.0105 .9883 .9906 .9774 .9990 .9877 
1.5 .24848 .17502 1.4197 1.0159 .9824 .9858 .9661 .9986 .9815 
2.0 .25145 .17625 1.4267 1.o2]1t .9764 .98o9 .9548 .9981 .9752 
2.5 .25454 .17750 1.4340 1.0271 .9703 .9760 • 9433 .9976 .9689 
3.0 .25769 •17876 1.4415 1.0329 .9641 .9710 .9320 .9970 .9627 
4.0 .26426 .18133 1.4573 1.0448 .9515 .9609 .9091 .9961 .9499 
5.0 .27122 .18396 i .4743 I. 0574 .9387 .9505 .8862 .9949 .9370 
6.0 .27869 .18667 1.4930 1.0707 .9255 .9398 .8629 .9937 .9240 
7.0 .28666 .18945 1.5131 1.0846 .9120 .9289 .8397 .9926 .9108 
8.0 .29522 .19232 1.5350 1.0993 .8980 .9176 .8162 .9914 .8973 
9.0 .30448 .19527 1.5593 I.II~9 .8837 .9060 .7926 .9901 .8836 

i0 .31454 .19834 1.5859 1.1315 .8687 .8939 .7686 .9887 .8697 



Telperature 95"It 

P % • p/o  I , L s #  

.025 .26008 .1711~6 1.~002 1.0003 .9997 .9998 .9996 1.0000 .9997 

.0~0 .2i$020 .17151 1 . ~ 0 0 5  1.000~ .999~ .9996 .~Yl 1.0000 .9995 

.075 .2~031 .17155 1 .~0o8 .  1.o0o6 .9993 .999~ .9986. .99~ .9992 

.lO .260~2 .17160 1 .bolo 1.0000 .9990 .9992. .9981 .9999 .9990 

.]5 .26065 .17170 1.h016 1.0013 .9985; .9988 .9972 .9999 .9985 

.2o .26o87 .17179 1.b021 1.0017 .9980 .9986 .9963 .9999 .9980 
• 25; .26110 .17189 1.6026 1.0022 .9976 .9981 .9953 .9998 .9975 
.30 .21d32 .17198 1.1032 1.0026 .9971 .9977 .99i~ .9997 .9970 
.6o .2]~177 .17218 1.hob2 1.o035 .9960 .9969 .9925 .9996 .9960 
.50 .26223 .17237 1.h053 z.0olth .9951 .9961 .9907 .9995 .9950 
.6o .26268 .17256 1.6o66 1.0o52 .991~I .9953 .9889 .9995 .9960 
.70 .26315 .17275 1 . 6 o 7 5  1.0061 .9932 .~)65 .9869 .9996 .9930 
.80 .26361 .1729S 1 . 6 0 8 6  1.0070 .9921 .9937 .98~1 .9993 .9920 
.90 .2/~07 .1731~ 1.6097 1.oo79 .9911 .9929 .9832 .9992 .9910 

1.0 .21~53 .1733l~ 1.[r107 1.0088 .9900 .9922 .981~ .9991 .99(X) 
1.5 .26688 .17631 1.6163 1.0133 .9850 .9882 .9720 .9987 .9~9 ' 
2.0 .26929 .17530 1.6221 1.0179 .9801 .98~2 .9626 .9982 .9798 
2.5 .25176 .17629 1.6280 1.0226 .971t9 .9801 .9532 .9977 .9768 
3.0 .25~27 .17730 1.6361 1.0276 .9698 .976O .9638 .9972 .9696 
6.0 .25967 .17936 1.6668 1.o372 .9592 .9677 .9269 .9963 .9593 
5.0 .26h96 .IS J/t2 1.6605 1.0676 .9h87 .9592 .9059 .9953 .9h89 
6.0 .27072 .18355 1.6769 1.0581 .9377 .9506 .8869 .9962 .9386 
7.0 .27679 .18573 1.69o3 1.o692 .9266 .9h17 .8677 .9931 .9277 
8.0 .28325 .18796 1.5070 1.0809 .9152 .9326 .8h83 .9920 .9169 
9.0 .29008 .10025 1.5267 1.0930 .9o35 .9233 .8289 .99o9 .9o6o 

lO .29737 .19260 1.5~o 1.1o58 .8915 .9138 .8093 .9896 .8969 



P 

.o25 

.050 

.075 

.i0 

.15 

.20 

.25 
,30 
• .40 
.50 
.6o 
.70 
.8o 
.9o 

I.O 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

I0 
3-5 

.24oo7 

.24015 

.24026 

.24036 

.24o52 

.24071 

.24090 

.24109 

.24~6 

.24183 

.~223- 

.24258 

.24297 

.24334 

.24374 

.24566 

.24762 

.2496~ 

.25167 

.25589 

.26O28 

.26483 

.26965 

.27497 

.27990 

.2854:] 

.31829 

cv 

.17245 

.17149 

.17153 

.17157 

.17164 

.17172 

.1718o 

.17188 

.172o3 

.17219 

.17235 

.1725o 

.3-7266 

.17282 

.17298 

.17377 

.27457 

.17537 

.17619 

.17783 

.17951 

.18121 

.18295 

.18483 

.18653 

.18837 

.19826 

¥ 

1.4002 
1.40o4 
1.4007 
,, .4oo9 
1.4o13 
1.4o18 
1.4022 
1.4027 
1.4036 
z .4o~ 
3-.4o53 
1.4o63 
1.4072 
3-.4o83. 
1.4o9] 
1.4137 
1.4185 
1.4235 
1.4284 
1.4390 
1.4499 
1.4615 
3- .4739 
3-.4877 
1.5oo6 
1.5152 
3-.6o54 

Tempera~;ure IO0"R 

p/op z 

1.0002 
1.0004 
1.o0o6 
1.00o7 
1.0011 
1.oo15 
I.OO18 
1.oo22 
1.0030 
1.0037 
1.oo45 
1.O052 
l.oo60 

.oo67 
, .oo75 
, .o113 
1.o152 

• 1.0191 
1.O231 
1.o313 
i.o398 
1.o485 
1.o576 
3-.o671 
1.o769 
1.o870 

.9997 
,9996 
.9994 
.9991 
.9987 
.9983 
.9979 
.9975 
.9967 
.9957 
.9949 
.9941 
.9932 
.9924 
.9916 
.9873 
.9829 
.9787 
.9742 
.9655 
.9563 
.9472 
.938O 
.9278 
.9187 
.9o88 
.8559 

J 

.9998 

.9997 

.9995 

.9993 
,9990 
.9987 
.9984 
,9980 
.9974 
.9967 
.9961 
;9954 
.9947 
.9941 
.9934 
.9901 
.9867 
.9833 
,9799 
.9730 
.9659 
.9588 
.9515 
.9436 
.9365 
.9287 
.8873 

K 

.9996 

.9992 

.9988 

.9985 

.9977 

.9968 

.~61 

.99~ 

.9~7 

.9922 

.9~6 

.9~I 

.98~ 

.9860 

.98~ 

.9765 
,9~7 
,9~8 
.9529 
.9372 
.92~ 
.9o54 
.88~ 
.~27 
. 8 ~ 0  
.~08 
.7~7 

L 

I.(XX)O 
I.OOO0 
I.O(XX) 
1.0000 
.9999 
.9999 
.9998 
.9998 
.9996 
.9996 
.9995 
.9994 
.9993 
.9993 
.9991 
.9987 
.9983 
.9979 
.9975 
.9966 
.9956 
.9947 
,9937 
.9931 
,9916 
.9906 
.9846 

.9998 

.9996 

.999~ 

.9992 

.9988 

.99~ 

.9979 

.9975 

.9967 

.9959 

.995o 

.9942 

.9933 

.9926 

.9918 

.9876 

.9~4 

.9791 

.97h9 

.9666 

.9579 

.~93 

.94o6 

.9313 

.9229 

.9~0 
,8673 



Temperature I05*R 

p % Y p/op T a • T 

.025 .24005 .17144 1.4002 1.ooo2 .9998 .9999 .9996 1.o00o .9998 

.o5o .24o33 .17147 1.4oo3 1.0003 .9996 .9997 .9994 1.o00o .9997 

.075 .24021 .1715"1 1.4006 1.0005 .9994 .9996 .9990 1.0000 .9995 

.1(3 .24029 .1713% 1.4o08 1.0006 .9993 .9994 .9987 .9999 .9993 

.15 .~043 .17160 1.4011 1.0009 .9989 .9992 .9980 .9999 .9989 

.20 .24058 .17167 1.4014 1.0013 .9985 .9989 .9973 .9998 .9986 
• 25 .24076 .17173 1.4020 1.0016 .9982 .9986 .9967 .9998 .9983 
.30 .24090 .17179 1.4023 1.0019 .9978 .9983 .9960 .9998 .9979 
.40 .24103 .17185 1.4026 1.0025 .9975 .9978 .9951 .9997 .9976 
• 50 .24152 .17205 1.4038 1.0032 .9963 .9972 .9933 .9996 .9965 
.60 .24183 .17218 1.4045 1.0038 .9956 .9966 .9921 .9996 .9959 
.7o .24217 .17231 1.4o54 I.OO45 .995o .9961 .99o8 .9994 .9952 
.8o .24247 .17244 1.4o61 1.0051 .9942 .9955 .9895 .9994 .9945 
.90 .24278 .17257 1.4068 1.0058 .9934 .995o .9881 .9993 .9938 

i.O .24312 .17270 1.4078 1.0064 .9928 .9944 .9868 .9992 .9931 
1.5 .24471 .17335 1.4327 1.0097 .9891 .9916 .9801 .9988 .9896 
2.0 .24633 .174o0 1.4157 1.0130 .9853 .9887 .973!; .9984 .9862 
2.5 .24800 .17466 1.4199 1.0163 .9816 .9859 .9669 .9981 .9827 
3.0 .24968 .17533 1.4241 1.o197 .9778 .9830 .9602 .9977 .9791 
4.0 .25314 .17667 1.4328 1.0267 .9702 .9771 .9468 .9968 .9721 
5.0 .2567o .x78o3 1.4/d9 1.o338 .9625: .9712 .9335 .996o .9651 
6.0 .26043 .17942 1.4515 1.0411 .9548 .96~;2 .9200 .9951 .9579 
7 .O .26425 .18082 1.4614 1.0487 .9469 .9591 .9065 .9942 • 95(Y7 
8.0 .26826 .18225 1.4719 1.o565 .9389 .9529 .8929 .9932 .9434 
9 . o  .27242 .18370 1.483o 1.0645 .9308 .9466 .8794 .9924 .9361 

1(3 .27674 .18518 1.4944 1.0728 .9224 .94o2 .8657 .9914 .9287 
].5 .30157 .19299 1.5626 1.1188 .8785 .9064 .796o .9861 .8906 



P 

.025 

.050 

.o75 

.10 
.,,5 
.20 
.25 

• .30 
.4o 

.60 
, . 7 0  
.8o 
.90 

1.0 
1.5 
2.0 
2.5 
.3.0 
E.O 
5.0 
6.0 
7.0 
8 . 0  
9 .0  

10 
15 
20 

.24oo4 

.24OlO 

.~4o16 

.24o24 

.24o36 

.24o48 

.24o6h 

.24o76 

.24103 

.24128 

.24155 

.2418o 

.24:'o7 

.24235 

.~261 

.24396 

.24532 

.24671 

.24798 

.251oo 

.25395 

.2570o 

.26o15 

.26338 

.26673 

.27021 

.28965 

.31365 

c, 7 

T~ahn-e IIO'R 

P/oP I J K L 

.173J,4 1.4o01 z.o001 .9998 .9999 .9998 1.0oo0 .9999 

.171~6 1.4003 1.0003 .9997 .9998 .9994 1.0000 .9997 

.17149 1.4004 1.0004 .9995 .9996 .9992 1.0000 .9996 

.17152 1.4007 1.0005 .9994 .9995 .9~89 1.0000 .9994 

.17157 i .4oo9 1.0008 .999o .9993 .9983 .9999 .9991 

.I?162 1.4012 i .o011 .9987 ;9990 .997? .9999 .9988 

.17168 1.4o17 1.oo3.4 .9985 .9988 .9971 • 9998 ; 9985 

.17173 1.4o20 1.0o16 .9981 .9986 .9967 .9998 .9983 

.17184 1.4o26 i.o022 • 9975 .9981 .9955 .9997 • 9977 

.17194 1.4033 1.0028 .9969 .9976 .9943 .9996 .9971 

.172o5 1.4040 1.0o33 .9963 .9971 .9932 .9996 .9965 

.17216 1.4045 1.o039 .9955 .9966 .9921 .9995 .9959 

.17226 1.4053 1.00~4 .9950 .9962 .9910 .9995 .9953 
• 17237 1.4060 1.0050 .9943 .9957 .9898 .9993 .9947 
.17248 1.4066 1.0055 .9936 .9952 .9888 .9993 .9942 
.173o2 1.41oo 1 . 0 0 8 4  .99o4 .9928 .9830 .9989 .9913 
.17356 1.4135 1.0112 .9872 .9903 .9774 .9986 .9883 
.1741o 1.4171 1.o141 .9841 .9879 .9717 .9982 .9854 
• 17453 1.4208 1.0170 .9810 .9854 .9661 .9978 .9825 
• 17576 1.4281 1.0229 .9743 .9805 .95~7 .9971 .9766 
.17688 1.4357 1.o290 .9676 .97~ .9432 .9963 .97o6 
.17802 1.4437 1.0352 .9610 .9703 .9318 .9955 .9646 
.17917 1.4520 1.0~16 .9~2 .9652 .9203 .9947 .9586 
.18o34 1.46o5 1.0482 .9472 .9599 .9087 .9938 .95:~5 
.18152 1.4694 1.o5~.9 .94o3 .9~6 .8972 .993o .9464 
.18272 1.4788 1.0618 .9332 .9492 .8855 .9922 .9402 
.189oi 1.5325 1.0995 .8963 .9211 .8263 .9875 .9085 
• 19586 1.601~ I. I~33 .8563 .8905 . 7656 .9822 • 8753 



Temperature IIS°R 

p cp r p/op z J i ,. 

.025 .24002 .171943 1.4001 1.00Ol .9999 .9999 .9998 1.0000 .9999 

.093 .24oo8 .17J45 1.1~oo.3 1.ooo2 . ~  .9998 . ~ 5  1.0000 .~97 

.075 .24o14 .17]~8 1.4o04 1.0004 .9996 .9997 .9992 .9999 .9996 

.10 .24o19 .17193 1.h006 1.00o5 .9994 .9996 .9990 .9999 .9995 

.15 .24o3o .171,,~ 1.4008 1.0007 .9992 .9994 .9986 .9999 .9993 

.20 .24042 .17159 1.4011 1.0010 .9989 .9992 ,9980 .9998 .9990 

.25 .24052 .17163 z.4ozb 1.oo12 .~86 .999o .9976 .9998 .9988 

..3o .24065 .17168 1.4o17 1.0014 .998.3 .9988 .9971 .9998 .9985; 

.40 .24086 .17177 1.4022 1.0019 .9978 .9983 .9966 .9998 .9980 

.93 .24109 .17186 1.4028 1.0024 .9972 .9979 .9951 .9997 .9975 

.60 .24131 .17194 1.4035 1.0029 .9967 .9975 .9941 .9996 .9970 

.70 .24152 .172o.3 1.4o.39 1.00~h .9966 .9971 .99.31 .9995 .9965 

.80 .24176 .17212 1.4046 1.00.39 .9956 .9967 ,9922 .9994 .996O 

.90 .24198 .17221 1.4051 1.0043 .9949 .996.3 .9913 .9994 .99~5 
1.0 .24221 .17230 1.4057 1.0048 .9944 .9958 .9903 .9994 .9950 
1.5 .243.35 .17275 1.4087 1.0073 .9917 .99.38 .985)4 .9990 .9926 
2.o .2~51 .17.321 1.1=116 1.oo98 .9888 .9917 .98o~; .P986 .99ol 
2.5 .24568 .17.366 1.4147 1.o12.3 .9860 .9895 .9756 .998.3 .9877 
3.0 .24687 .17412 1.4178 1.0148 .98.32 .9874 .9708 .9980 .9851 
4.0 .24927 .17,,q~ 1.42iLl 1.0199 .9775 .98.31 .9660 .997.3 .9801 
5.0 .25i76 .17597 1.4307 1.0252 .9717 .Y/88 .9511 .9965 .9793 
6.0 .25431 .17692 I.~.374 1.0305 .9659 .9744 .9413 .9958 .9700 
7.0 .2~691 .17787 1 . ~  1.0360 .96O0 .9700 .93]~ .9951 .96~9 
8.0 .25961 .1788.;3 1.4517 1.0416 .99J1 .96~;~ .9215 .9943 .9598 
9.0 .26235 .17981 1.4590 1.0473 .9480 .9610 .91~ .9935 .95~0 

10 .26521 .18080 1.4669 1.05.31 .9421 .9,,f;(~ .9015 .9929 .9494 
15 .28082 .18594 1.5'10.3 1.08~5; .910J; .9.327 .85;09 .9886 .9228 
20 .299.36 .19146 1.J~636 1.1202 .8708 .9072 .7990 .981&l .89.,~0 



P 

.025 

.0~0 

.o75 

.lO 

.:~ 

.20 

.25 

.30 

.EO 

.~0 

.60 
,7O 
.80 
.90 

1.0 
1.5 
2,0 
2.5 
3.0 
h.O 
5.0 
6,0 
7.0 
8.0 
9.0 

10 
15 
20 
aS 

. 0o2 

.2~oo7 

. ~ o l l  

.~o16 

.~o~6 

.~o35 

. ~ o ~  

. ~ o ~  

.~o7~ 

.2h093 

.2hii:, 

.2hi31 

.~hi~i 

.24170 

.2~190 
,24287 
.~386  
.zh~86 
.~587 
,24792 
,2.~02 
.252i7 
.25~36 
.2566i 
,25892 
.26128 
,27~07 
,28885 
.3o62~ 

o, 

.i71h3 

.iTiE5 

.iTib7 

.iTik8 

.i7i52 

.i7156 

.i7i6o 

.i716~ 

.1717i 

.i7i79 

.i7i86 

.1719h 

.i72oi 

.17209 

.17216 

.1725~ 

.17292 

.i733i 

.17369 

.171~6 

.17525 

.176o~ 

.17683 

.1776h 

.i78~5 
,17928 
.i8353 
.i88oh 
.19286 

7 

i.hooi 
i.hoo2 
i.hoo~ 
i.hoo5 
i.hoo7 
i.EOlO 
l.hOi2 
i.~oi5 
1.4020 
I.~025 
Z.h030 
I.h035 
i .hobo 
i.hoh5 
i.hoSo 
I.hO76 
i.~zo2 
I.~i29 
i.hi56 
i.h2iO 
i.h267 
i.~325 
i.~38h 
1.h~h6 
1.h5o9 
l.h57h 
l.h93h 
i.536i 
1.5879 

TeqDera~e 120*R 

plop z J K 

1.Oool .9999 .9999 .9998 
1.ooo2 .9997 .9998 .9996 
1.ooo3 .9996 .9997 .999h 
l.ooo4 .9995 .9996 .9992 
1.ooo6 .9993 .9995 .9987 
1.ooo8 ,999O .9993 .9983 
1.o011 .9988 .9991 .9979 
1.oo13 .9985 .9989 .9975 
i.ooi7 ,998o .9986 .9966 
i.O02i .9976 .9982 .9958 
1.oo25 .99T1 .9978 .99h9 
1.0030 .9966 ,9975 .99~ 
i.oo3~ .996i .997i .9933 
i.oo38 .99S6 .9967 .992E 
i.ooE2 .99~i .996h .99i6 
i.oo64 ,9927 .99~6 .9873 
i.oo86 ,99o2 .9927 .9831 
1.OLO8 .9877 .99o9 .9789 
i.oi3o .9852 .989i .97h6 
l.O17h .9802 .9853 .9661 
1.02~ .9752 .9816 .9576 
1.0266 .970i .~778 o9h9o 
i.o32h .965o .97ho .9~o5 
1.0362 .9598 .97oi .9319 
1.0Ell .99-t6 .9662 .9232 
i.O~61 .9493 .9623 .91h6 
1.0727 .9220 .9~9 .8708 
i.i022 .8932 .9L:~:~ .8263 
1,13S2 .8626 ,897h .7808 

L 

I . OOOO 

1.0000 
1, OOOO 

,9999 
.9999 
.9999 
,9999 
.9998 
.9998 
.9997 
.9996 
.9996 
o9995 
.9995 
.999~ 
.999~ 
,9988 
.9985 
.9981 
.9975 
.9968 
.9962 
.9955 
.99h8 
.99hi 
.993~ 
.9897 
.9858 
.9816 

~9999 
.9998 
.9997 
.9996 
.999h 
.9992 
.9989 
.9987 
.99~ 
.9979 
.9975 
.9F70 
.9966 
.9962 
.9958 
.9937 
.9915 
. 9 8 ~  
.98~ 
.983o 
.~86 
. h3 
.~OO 
.9656 
.9612 
.9567 
.93hl 
.9~7 
.886h 



P % C~ T 

Temperature I~ 'R 

,,/o,, z ,/ K L 

.o2~ .~o01 .1~2 1.b0Ol 1.oo01 .9999 .9999 .9~8 z.oooo .9999 

.0~o .2boo~ .1~ 1.~002 z.oo02 .~8 ,9999 .9996 1.0ooo .9998 

.o7~ .~oo8 .17]E5 1.~o03 1.ooo2 .9997 ,9998 .9996 1.0o0o .9998 

.IO .2~011 .171~6 1,EooE 1.ooo3 .9996 .9997 .999~ 1.0ooo .9997 

.1~ .2~019 .171~9 1 . ~ o 0 6  1.000S .~)9~ .9996 .999O ,9999 .999~ 

.20 .~025 .171~;2 1.~007 1.0007 . ~ 2  .999~ .9987 .9999 .999~ 

.25~ .21~O3[a .1715~ 1.~010 1.0(X)8 .999O .9993 .998E .9999 .9992 

.30 .2EO[~ .1715"7 1.E012 1.0010 .9989 .9992 .9980 .9998 .999O 

.~0 .21rOS~ .17163 1.E016 1.0013 .998~ .9989 .997~ .9998 .9987 
• ..q) .21~069 .17168 1.ho2o 1.o017 .9981 .9986 .9967 .9997 .998~ 
.6o . ~ o ~  .1717~ 1.~02b 1.oo2o ,9977 .9983 .9961 .9997 .998] 
,70 ,2/~099 ,17179 1,b028 1,0023 ,9973 ,9980 ,995~; ,9997 ,9978 
,80 . ~ I 1 2  ,1TJ BE; 1,~o~1 1,o027 ,9969 ,9978 ,99~7 ,9996 ,997b 
.9o .2~28 ,1T19o 1 . ~ o 3 6  1,oo.:lo .9966 .997.~ .99~ .999~ ,9971 

1,o .21~2 ,17"196 1,bo39 1,oo33 .996]. .9972 ,993~; .999~; .9968 
Z,E; .2h21~ .17223 1 , E 0 6 0  1,00.~0 .99h3 ,99~8 .9903 .9992 .995~2 
2.0 .~289 .1725'1 1.bo8o 1.oo67 ,9923 .99~ ,987o ,999o .9936 
~.,'; .:~363 ,17278 1 . [ U O 1  1.oo8b .99OE .993o .9838 .9987 .9921 
3,0 ,2)A~8 ,173o6 1 , l~121  1,01o2 ,9883 .99J5 ,98o~ ,998~ .99O~ 
boO .21~5;89 .17362 1.~.163 1.O136 ,981~ .9887 .9739 .9979 .9872 
5~.0 .2LrT~; .17]D 8 1.b2O7 1.O172 .9806 .985~8 .9673 ,9973 ,98~O 
6.0 .~9o3 .17E7~; 1.E25'1 1.O207 .9766 .9829 ,96O8 .9968 .9807 
7.0 .2.q)63 .17~32 1.1~296 1,02~ .972'; .9799 .951,1 .9961 .977b 
8.0 .2~;228 .17~;9o 1 . ~ 2  1.0280 ,9685 .9770 ,9~76 ,94)5'7 ,97}&2 
9.0 .2~393 ,]76E8 1 . b 3 8 9  1.O318 .961~5 .97~0 .9E09 .99.~O .9709 

10 .25563 .17706 1.E~37 1.O3S5 .960~ ,9710 .93EE .9~b5 .9676 
1~; .2~61~ .18006 1.b697 1,o~5~ .939~; ,9557 .9oo8 .9915 .9505 
2o .27E62 .1832O 1 . h 9 9 O  1.o769 .9177 .9397 .8669 .9882 .933~; 
25 .28~87 .186~9 1.~329 1,1OOE .89.E;0 .9229 .8323 .98E6 .91~8 
3o .2986~; ,18996 1 .5 '722  1.1261 .87].1 .9o.a;3 ,797O .9810 .897~; 



Temperature I~O°R 

p % c ,  ¥ p/op a z L 

,02S ,2/4000 ,173J42 1,1;001 1,0001 ,9999 °9999 ,9998 1,0(300 ,9999 
.0~0 .2~003 .172b3 1 . 1 ; 0 0 1  1.0001 .9998 .9999 .9998 1.0000 ,9999 
.07.~ .Zoos .171~ 1 . 1 ; 0 0 2  z.0002 .9998 .9998 .9996 1.000o .9998 
.10 .2E008 .1711;5 1.1;o03 1.0003 .9997 .9998 .9991; .9999 .9997 
.zS .2~0~ .1T~7 1.1 ;00S 1.00~ ,9995 ,999? ,9992 .9999 .9996 
.2o .2b019 .173~9 1 . 1 ; 0 0 6  z.oooS .9991; .9996 ,999O .9999 .9995 
,2~; ,2~025 ,173~1 1o1;008 1,0007 ,9992 • 9~)/4 °9987 .9999 ,9991; 
.3o .~03o .17153 1.1;0o9 1,0o08 .~91 .9993 .9985 ,9999 ,9993 
.1;o .2~OEl ,171.~7 1,1;012 1,003.l ,9988 ,9991 .9979 ,9998 .9990 
.50 .2k052 .17161 1.1;o16 1.0013 .998~ .9989 .9975 ,9998 ,9988 
.6o .2~06b .1716S 1.1;019 1.0016 .9982 .9987 .~69 .9997 .9985 

• .70 .2E07~; .17Z69 1.1~022 1.0019 .9979 .998~ .996~ .9997 .9983 
,8O .~086 .17173 1.1;026 1,0021 .9976 .9982 .9959 .999? .9980 
.90 .~o98 ,17178 1.1;028 1.00~ .9972 ,998o .995~ ,9996 ,99?8 

1.0 .2E109 .1TJ 82 1.1;032 1.0027 .9969 ,9978 .90E8 .9995 .9975 
1.5 .21;165 .172o2 1.1;01;8 1.001;0 .~53 .9967 .9923 .999h .9963 
2.0 .2h222 , .17223 1.406h 1.O05h .9938 .9955 .9897 .9991 .9950 
2..~ .21;Lr/'9 .ITP-~3 1 .1 ;080  1.0068 .9922 .99~ .9871 .9988 .9938 
3.0 .~335 ,17263 1.1;097 1.0o81 .9907 ,9933 .981;6 .9987 .9926 
1;.0 .2~53 .17305 1 . 1 ; ] 3 1  1.0109 .9876 ,9910 .9791; .9982 .9901 
5.0 ,245T0 .173~6 1 , E 1 6 5  1.0137 .9845 .9887 .9?1;3 .9977 .9877 
6,O .24688 ,17388 1 ,1 ;198  1,0165 ,9811 ,986~ .9691 .9973 ,9851 
7.0 ,~809 .171;30 1.E23~ 1.0191; .9780 .98~1 ,9639 .9968 .9826 
8.0 .2~935 .17~73 1.1;271 1.0223 .971;9 .9818 .9587 ,9963 ,9801 
9.0 .25D58 .17515 1.4307 1.0252 .9716 .9795 .9535 .99~;8 .9775 

10 .25"185 .175S8 1.h3hh 1.0282 .9684 .97T1 .9h82 .99.~3 .97h9 
]5 .258~7 .17777 1.hS~O 1.043~; .9519 .9652 .922o .9929 ;9621 
2O .26566 .18oo3 1.1;756 1.o593 .931;9 .9.E;29 .8959 ,99o7 .9~90 
2~ ,27351 ,18238 1,1;997 1,0773 ,9171; ,9~01 .868E .987S ,935S 
30 .28~16 .181~82 1.5267 1.0960 .8993 .9268 .81;11 .98~ .9218 
1;0 ,30237 .19003 1,5912 1,1378 ,86o9 ,8986 ,78~0 ,978o .8932 



P 

.025 

.050 

.075 

.10 
.15 
.20 
.25 
.30 
.I,0 
.50 
.6O 
.70 
.8O 
.90 

1.0 
1.5 
2.0 
2.5 
3.0 
6.0 
5.0 
6.0 
T.O 
8.0 
9.0 

10 
15 
20 
25 
30 
ho 
5o 

.23999 

.26001 

.26ooh 

.26oo6 

.26010 

.2~o~ 

.26o19 

.24023 

.24032 

.2~0~0 

.260~9 

.26058 

.24068 

.26076 

.26086 

.26129 

.2/d.76 

.262].9 

.26266 

.2~55 

. 2 ~ 5  

.2h539 

.2663h 

.26729 

.26825 

.2692~ 

.2.~28 

.25968 

.26..~6 

.27167 

.28564 

.302~ 

Temparature 150*R 

% #op z a x ,. 

.173J~2 I .hooO 1.0001 .9999 1.0000 .9999 1.0000 1.0000 

.173~3 1.h001 1.0001 ,9999 ,9999 .9998 I.OOOO .9999 

.173Jt3 1.hoo2 1.0002 ,9998 .9999 .9996 Z.OOOO .9998 

.17]66 1.6002 1.0002 .9997 .9998 .9996 1.00oo .9998 

.17166 1,hoo4 1.ooo3 ,9996 .9997 .9996 1.oooo .9997 

.171h7 1.4oo5 1.0ooh .9995 .9996 ,9992 1.oooo .9996 

.17]J~9 1.~006 1.0005 .9993 ,9995 .9990 1.0000 .9995 

.17150 1 .h0o8 1.0007 .9992 .9995 .9987 .9998 .9996 

.17153 1.4OLO 1.ooo9 .9989 .9993 .9983 .9998 .9992 

.17156 1.6013 1,00].3. ,998T .9991 .9979 .9998 .9990 

.171.'9 1.6035 1,OO13 ,9985 .9989 .9975 .9998 .9988 

.17163 1.6017 1.0015 ,9981 .9987 .9971 .9997 .9986 

.17166 1.6021 1,0018 .9980 ,9986 ,9966 .9997 .9986 

.17169 1.6023 1.0020 .9977 .99~ .9962 .9996 .9982 

.17372 1.6026 1,OO22 .9975 .9982 ,9958 .9996 .998O 

.17387 1.4039 1.o033 .9962 .9973 .9938 .9996 .9971 

.172o3 1.6052 1.00h8 ,9969 .9966 ,993h ,9992 .9963 

.17218 1.6066 1.oo55 .9937 .9955 ,9897 .9991 .995".1. 

.1723h 1.6079 1.oo66 ,9923 .9966 .9876 ,9989 .9961 
,17265 1.61o7 1.0089 .9899 .9927 .983~ .998/4 .9922 
.17296 1.6].33 1.0].1.2 .9872 .9909 .9792 .9980 .99o2 
.17328 1.6161 1.013~ .98k7 .9890 .9752 ,9977 .9882 
.17360 1.1t.190 1,0158 ,9822 .9872 .97o9 .9972 .9862 
.17392 1.6219 1.0181 .9795 .9853 .9667 .9969 ,9862 
.17624 1.6268 1.o201, .9769 .9834 ,9626 .9965 .9822 
.1T656 1.6278 1.0229 .97~ .9815 .9583 .9960 .9802 
.17619 1.~2 1.0350 ,9611 .9T19 .9372 .9961 .97OO 
.17788 I.L599 1.0~79 .9675 .9619 .91~9 .9921 ,9598 
.17961 1.678o 1,o616 ,9336 .9W7 .896~ .99oo .9693 
.18"J39 1.6977 1.0756 .9196 .9611 ,8726 .9878 .9386 
,1851h 1,514.28 1,1o67 ,8896 .9189 .8282 .983/, ,9166 
.1891T 1.5982 1,]ltl7 ,858o .8968 .7826 .9789 .8935 



Te~ea'a~t.~ 160°R 

.025 .23999 .17~2 I ohO00 1.0000 .9999 1,0000 1.0000 

.050 .2hc~i .i~.~2 i.h~i i.cx~i .9999 ,9999 .9~8 
• OT5 .2h002 .iTZE3 i.hOOi i.O00i .9998 .9999 .9998 
.IO .2hooh .171~ l.hO02 1,0002 ,9998 .9999 ,9996 
.15 .21t008 .171~5 l.hOO3 I.OOO3 .9997 .9998 .9995 
.2o .2bOil . iTS6 iohOO~ l.oooh ,9996 .9997 .9993 
.25 ,21to15 .171h7 1.boo5 1,oooh .9995 .9996 ,9902 
.30 .2~018 .iTih8 1.h006 1.0005 .999h .9996 ,999O 

• .hO .2/t026 .ITI~O 1.h009 1.ooo7 .9991 .999[t .998T 
.50 .21t032 ,17153 i.hOlO loO0OO ,9089 .9993 .9983 
.60 .2hobo .i7i55 i.hoi3 i .o0] l  .9987 .999i .9979 
.70 .2hoh7 ,17158 1,h015 1,oo13 ,9986 ,~)9O o9976 
.8o .2ho52 .1716o i.hoi6 i.ooz5 .9982 .9988 ,9972 
.9o .2ho6o o17i62 1,hoi9 i.ooi6 .998i .9987 .997o 

1.0 ,21t068 .IT165 1.]t022 1.0018 .~)60 .9985 .9966 
i .5  .~io2 .i7177 i.ho32 1.oo27 .9968 .9978 .99h9 
2.o .2k~o .iT189 i.hohlt 1.o036 ,9958 ,9710 .9932 
2.5 .2h176 .172o1 1.ho55 1.00h6 .99h8 .9963 .99i5 
3.0 .2h212 .17213 1.[tO06 1 ,ooE;5 .9937 o9955 .9898 
h.o oat282 .17237 1.h087 1.O0?h .9915 .99h0 .9863 
5.0 ,2h357 ,17261 1,hl].l 1,0092 o9895 .9925 ,9830 
6.0 .2h~3o .i7285 i.h13h 1.o].ll .987h .991o .9795 
7.0 ,21t505 ,173o9 1.h157 1,o130 ,9852 ,9895 ,9761 
8.0 .2h582 ,1733h 1,hl81 i.ollt9 ,9831 ,9879 .9727 
9.0 .2h657 .i7359 Zoh2o~ 1.0168 .9810 .986~ .9693 

lO .2h73h ,17383 1.h229 1.o188 .9789 .98h9 .9658 
i5 .2533o o175o8 1;h353 i.0287 ,968o .9771 .9h86 
2o ,25~8 .17636 I.~86 1.o391 .9569 ,9691 ,931l c,: 
25 .25990 ,17767 1.h628 1;0h98 .9h58 .9610 ,9]36 
3o .26h57 ,179o1 1.h780 1.063i ,93h3 ,9527 .8958 
ho .27h85 .18160 i .  5ii8 1; o85i .9107 • 9355 .8599 - 
~0 ,28656 ,18hT5 1,55'11 1.Ll15 o8858 ,91Tit .8232 
60 o3OOi8 ,18789 i.5976 i.iho7 .8597 ,8983 .7856 

L 

1,0000 
1.0000 
1.0000 
1.0000 
1,0000 
1.0Ct30 
1.0000 
1.0000 

.9999 

.9999 

.9998 

.9998 

.9997 
,9997 
.9997 
,9995 
.999h 
.9991 
.999O 
.9986 
,99~ 
.9980 
,9977 
.9973 
.9970 
,9966 
.99h9 
,993o 
.9912 
.9892 
.985! 
,98o7 
.9760 

z# 
1.(XXX) 

,9999 
.9999 
.9~8 
.9998 
.9997 
.9996 
.9995 
.9991~ 
;9992 
,9990 
,9909 
;998"/' 
;99~ 
.99~ 
;9976 
,9968 
.9960 
;~52 
;9936 
;9921 
.990h 
;9888 
;9872 
;9856 
;98h0 
;9758 
;9675 
;9591 
;9~06 
;9331 
;9150 
,8961 



Temperatare ITO"R 

p Of) ~ 7 P/oP I 

.OSO .21tO0O .3.7142 3 ,bOO3 1.0001 ,9999 
• 075 .2bOO1 .17142 l.hO01 1,0001 .9999 

.. 3.0 .2h003 ,371h3 3 ,~oo2 3..0002 .9998 
.15 .2boo6 .17]J~t 1,boo3 looo02 ,9997 
.20 .2h0o9 ,171h5 3.,4ooh 1,o0o3 ;9996 
.25 .2~012 .3.731t6 1,1tooh ZoooOl; .9995 
.30 .21tO]J4 ,3.'7"J h7 1,bOO5 3.,0005 ,999~ 
.4o .21to2o ,3.73h8 3.,hoo7 3.,ooo6 ;9993 
...q) .24026 o17150 1.4009 1.0008 ,99YI 
.6o .2h032 ,173.52 3..b03.3. 3..0OO9 .9989 
• 70 .2b037 ,17151~ 3.,h012 1,0011 ,9988 
.80 .2hob3 ,17156 1.~01h 1.0012 ,9986 
• 90 .2b050 ,373.58 3.,~03.7 3.,0014 .9985 

z.o .2ho55 ,z73.6o z,bo3.8 3.,oo15 ,9982 
1.5 .2ttOSh .3.73.69 3.,h028 1.0023 ,9971t 
2 .o .2h3.3.2 .17178 3.,h037 1.0031 .9965 
2,5 .2hlh2 ,3.73.88 3.,hob6 3..oo38 ,9956 
3.0 .2h3.?0 ,3.73.97 3.,1t055 1,00h6 .9967 
h .0 .2h229 .17216 3 ,boTh 3-,oo62 .993o 
5.o ,26290 ,17235 3.,ho93 1,oo77 ,9912 
6.0 .2h3S3. ,3-72.~ 3..h.13.3 3-,0093 .9895 
7.o .2~31 ,3-7273 3-.43.32 3-,03-09 ,9877 
8.0 .21dt73. .3-7292 ].,h352 1,0125 .9860 
9.0 ,2h533 ,3.7311 3-.h372 3.,03.hl ,98h2 
lO o24592 .17330 1.4190 lo0157 .9826 
35 ,2491h .171t28 1.b295 1,0239 ,973h 
20 ,252h6 ,3.7527 3.,41t04 ].o032b ,961D. 
25 ,25592 .17628 i,~518 1.0~12 ,9~;50 
3o ,25957 ,1??33- 1,b639 1,0503 ,91t56 
h O .2671t2 ,3.79Ldt 1,h903 1,o69h o9265 
5o .27633 ,38367 3.,52oo 3..0901 ,9066 
60 ,28593. ,3-~00 :3,5539 3.,3124 ,8859 
7o ,29699 ,386h6 3-.5928 3-,3.368 ,86h3 

J 

.9999 

.9999 
,9999 
,9998 
,9998 
,9997 
.9996 
.9995 
,999h 
.9993 
.9991 
,9990 
.9989 
.9988 
,9981 
.9975 
.9969 
,9963 
,995o 
.9937 
.9925 
.9912 
.9899 
.9887 
.9~b 
.98o9 
;97h~ 
,9677 
,96o9 
;9h69 
,9323 
,9171 
.9011 

K 

;9998 
,9998 
,9997 
.9996 
;999tt 
,9993 
.999]. 
,9989 
.998~; 
;9983 
,9980 
,9977 
;997b 
;9972 
,9957 
,99h3 
,9929 
,9915 
.9886 
.9858 
.9829 
,9803. 
.9772 
.97~ 
.9715 
,9571 
.9h27 
.9281 
.9135 
,8830 
.8~6 
,8229 
,793.6 

L 

1,0000 
1,0000 
1,0000 
1,0000 
1.0000 
.9999 
.9999 
.9999 
.~ 
.9999 
~9998 
,9998 
.9997 
.9997 
,9996 
.999b 
,9993 
.9992 
,9988 
,99~ 
,99~ 
.99~ 
,9977 
.9~b 

.9956 

.9941 
,9926 
.9909 
.9~6 
,9~0 
.9~2 
. ~  

.9999 

.9999 

.9999 

.9998 

.9997 

.9997 

.9996 

.9995 
,9993 
;9992 
,9991 
.9989 
.9988 
.9987 
.9980 
;997h 
,9967 
.9960 
;99h7 
;993h 
.~)21 
.9908 
.989~ 
;9881 
;9868 
;980O 
.9732 
.9666 
;959h 
;9h52 
,;93oS 
.93~ 
.8998 



~empera~zre 3.800R 

p % o, T #oo z I 

• 075 .2~001 • 17]Jt2 I.)4001 1.0001 .9999 .9999 .9998 
.1o . ~oo2 .3.73/t3 1.h0o1 1.OOOl .9998 .9999 .9998 
.15 .2hoo5 .xT,_~ 1.hoo2 1.ooo2 .9998 .9998 .9996 
.20 .2h007 .17]~ 1.boo3 1.o0o3 .9997 .9998 .9995 
.25 .2hozo .zTJh5 z.hooh 1.ooo3 .9996 .9997 .999h 
.30 .2h012 .171)46 1.4004 1.000~ .9995 .9997 .9993 

• .ho .2~o3.? .3.71h8 1.hoo6 1.ooo5 .9991t .9996 .9991 
.50 .2h022 .17150 1,h007 1,0006 ;9992 ,9995 .9988 
.6o .2ho2"t .173&I 1.~oo9 1.00o8 .9991 .999/t .9985 
.70 .2h032 .17153 1.h010 1.0009 .9989 .9993 .9983 
.8o .2ho38 .Z7355 3..h03.2 1.0010 .9988 .9992 .9983. 
.9o .2hobo o173.56 1.h013 1.0012 .9986 %9991 .9978 

1.0 .2/tOlt7 .3.73.58 i.h03.5 1.0033 .9985 .9989 .9976 
3..5 .24073 .3.73.67 1.h023 1.0019 .9977 .9981t .996h 
2.0 .2/~097 .17175 1.h030 1.0026 .9969 .9979 .9952 
2.5 • 2h]-24 .3.TJ.~ 3..ho39 1.oo33 .9963 .9971t .9939 
3.o .2h150 .3.73.93 l.ltOlt6 1.0039 .9955 .9968 .9928 
~ .0 .2h399 .3.7210 1.h061 1.0052 .99h0 .9958 .99o5 
5.0 - .24250 ,17227 l.hOT7 1.0065 .9924 .99h7 .988o 
6.0 .2h3o3 .3.7~5 1.ho93 1.oo79 .99o9 .9936 .98S6 
7.o .24355 ,17262 1,h109 1,0092 ,989h ,9926 ,9832 
8.0 .2~o8 .17280 1.h125 1.03.06 .9878 ,991~ ,9807 
9.0 .2~j62 .17298 1.hi/t2 1.013.9 .9863 ;990h .9781t 

3.0 .2hSl/t .17315 1.~158 1.o133 .9868 .9893 .9759 
15 .2b787 .17hob 1.1t2h2 1.0202 .9771 .9839 .9637 
2o .25068 .171t95 1.h329 1.02'72 .9693 .978h .95'16 
25 .25360 ,17587 1;hh20 1;03h5 .9613 ,9728 ,939h 
30 .25666 .17683. 1.h516 1.0420 .953h ;9671 .9271 
ho .26311 .17873 I.h721 1.0576 .9372 .9555 .9022 

.2701o .18072 1.hglt6 1.o7/~ .9203 .9h35 .8763. 
60 .27778 .18280 1.5"3.96 1;0920 .9030 .9311 .85'1b 
70 .28623 .18h96 1.~75 1.n09 .8853 .9z82 .8255 
80 .29562 .18721 1.5791 1.1312 .8669 .9o&9 .7991 

I 

L 

1.0000 
1.0(X)O 
I°O(XX) 
1.0000 
1.0(X)O 
.9999 
.9999 
.9999 
.9998 
.9998 
.9998 
.9998 
.9998 
.9997 
.9995 
.9993 
.9993 
.9991 
.9988 
.998~ 
.9983 
.99~ 
.9978 
.9975 
.9962 
.~ )~  
.9936 
.992h 
.9895 
.9866 
.9835 
.9803 
.9769 

EA, 

.9999 

.9999 

.9998 

.9998 

.9997 

.9997 

.9996 

.999h 

.9993 

.9992 

.9991 

.9990 

.9989 

.99~ 

.9978 

.9~2 

.9967 

.99~ 

.99~ 

.9933 

. ~  

.99~ 

.9900 

.9888 

.9~2 

.97?5 

.9718 

.9660 

.9~2 

.9~2 

.9297 

.917o 

.~39 



.15 .2~003 .17~3 1.4oo2 1.00o2 .9998 .9999 .9997 1,0000 .9999 
o20 .~005 .17~3 1.~003 1.0002 .9997 .9998 .9996 1.0000 ,9998 
.25; .2~007 .173/~ I.k003 1.0003 ,9997 .9998 .9995 1.0000 .9998 
.3o .24009 .17]A5 1.4004 1.ooo3 .9996 ,9997 .9994 1,0000 .9997 
.40 .24o13 .17146 1.4005 1.0004 ,9995 .9996 .9992 1.0000 .9996 
,5;o ,24017 ,17~7 1,4oo7 1.00o6 .9994 ,9995; ,9989 ,9999 ,9995 
,6o ,24021 .17~8 1,4oo8 1,0007 ,9992 .9995 ,9987 ,9999 .9994 
,70 .~025 ,17149 1,4009 1.0008 ,9991 ,9994 .9985; ,9998 ,9993 
.80 ,24029 ,1715;J. 1,40]] 1,00o9 ,9990 ,9993 ,9983 ,9998 ,9992 
.90 .24033 .17152 1.4012 1.0010 .9989 .9992 .9981 ,9998 .9991 

1,o .24038 ,1715;3 1,bOY 1,O0:L] ,9988 ,9991 ,998O .9998 ,9991 
1.5 .24058 .17159 1.4021 1.0017 o9982 .9986 .9969 .9997 .9986 
2.0 ,24078 ,17165; 1,4o27 1,0022 ,9975; .9982 .99S9 .9996 .9981 
2.5 ,24o98 ,17171 1,4o~ 1.oo28 .9968 .9977 .9948 .9995; ,9976 
3.0 .241.18 ,17177 1,401~ 1,0033 .9962 ,9973 ,9939 ,9994 ,9972 
E.O .2415;9 .17189 1.405;5 1.0045; .9950 .9964 .9917 .9991 ,9962 
5.0 .24200 o17201 1.4069 I.OOS6 .9937 .9955; .9897 .9990 .995;2 
6,0 ,2~241 ,17213 1,4083 1,0067 ,99~ ,9946 ,9877 ,9988 ,99~3 
7,0 .24283 ,17225; 1,4098 1,0079 ,9913 ,9936 ,985;6 ,9985; ,9933 
8.0 .24325 .17237 1.43.3.2 1,0090 .9900 ,9927 ,9836 .9983 .9925; 
9.0 .24368 .1725o I.E126 1.0102 .9887 .9918 .9815 .9981 .9915; 

10 ,24J~lO ,17262 1,blbl 1.0113 ,9875; ,9909 .9794 .9979 .9905; 
15; .24624 .173~ 1.42]~ 1.0172 .9810 .9863 .9690 .9968 .9857 
20 ,24848 ,17386 1,4292 1,0232 ,9747 ,98].6 ,95;86 ,99~ ,9809 
25; ,25;076 ,171~9 1,4371 1,0293 ,9682 ,9768 ,9482 ,9945; ,976o 
30 .25316 ,175~ 1,1d~5;5; 1.o35;5; .9617 ,9720 ,9378 ,9935; ,9711 
~0 ,25;815; ,176b5; 1,4630 1,0485; ,9484 ,9623 ,9J.66 ,9912 ,9611 
50 .26352 ,17781 1,4820 1,0622 .9~9 ,9522 ,895;2 ,9887 .9~8 
60 ,26931 ,17921 1,5;o28 1,0766 ,92]] ,91a19 ,8736 ,9862 ,9405; 
70 .275;5;5; .18o65; 1.5;25;3 1.0918 .9069 .9312 .8.':17 .9836 ,9299 
80 ,28237 .18215 1,55;02 1.1079 ,8925 ,9203 ,8295 ,9808 ,9190 
90 ,28983 ,18371 1,5;776 1,1249 ,8776 ,9089 ,8070 ,9780 .9079 

lOO .29802 .185;32 1.6081 1.1427 .8623 .8973 .78~6 .975;3 .8965 



Te=peratuee 200"R 

p c, T plop z a 

.15; .2~002 .171h2 1.h002 1.0001 .9998 .9999 .9998 
,20 .2h00h .171h3 1.h002 1.0002 .9998 .9998 .9996 
.25; .2h006 .17~3 1.h003 1.0002 .9997 .9998 .9996 
.30 .2h007 .173J~ 1.h003 1.0003 .9997 .9998 .9991t 
.tto .2h011 .171h5 1.1,005; 1.000h .9996 .9997 .9993 
.5;o .2hOlh .171h6 1 . h 0 0 6  1.0005; .9995; .9996 .999J. 
,60 .24018 .17147 1.l~007 1.0006 .9993 .9995; ,9989 
.70 .2h021 .171)48 1.h008 1.0007 .9992 .9995; .9987 
.80 .2h025; .171~9 1.h009 1.0008 .9991 .999~ .9985; 
.90 .2ho28 .1715;0 1.bOll 1.0o09 .9990 .9993 .998~ 

1.o .2ho31 .1715;1 1.lto12 1.0010 .9989 .9992 .9982 
1.5; .2hob8 .17156 1.hOlT 1.001/4 .9983 .9988 .9971t 
2 .o .2h065; .1TJ 6O 1.ho21t 1.0019 .9979 .998h .9965 
2.5; .2h083 .17165; 1.~030 1.002h .9973 .998o .995;5; 
3.0 .2h099 .17170 1.1,o36 1.0029 .9968 .9977 .991t6 
h.0 .2h3.35; .17180 1.hob8 1.o039 .995;7 .9969 .9928 
5;.o .2h17o .17190 1.ho61 1.o0h8 .99h7 .9961 .9912 
6.0 .2lt206 .17200 1.1to73 1.005;8 .9936 .995;3 .989h 
7.0 .2h239 .17210 1.)4084 1.0068 .9921~ .99/45; .9875; 
8.0 .24275; .17219 1.ho98 1.0078 .9915; ,9937 .985;8 
9.0 .2h310 .17229 1.~uo 1.0088 .990h .9929 .98h0 

10 .243~7 .17239 1.1d23 1.0098 .9893 .9921 .9821 
15; ,2h5;27 ,17289 1.1~186 1.01~8 ,9838 ,9882 ,9732 
20 .2h714 .173h0 1.425;3 1.0199 .9785; .98hl .96h3 
25; .2h905; .17391 1.h321 1.025;1 .9729 .98Ol .95;5;3 
3o .25;103 .17hh3 1.1t391 1.0301 .9673 .975;9 .9h62 
h o ;25;5;15; .17~9 1.h5;39 1.0hlh .95;62 .9676 .9280 

.25;9..r~ .1765;7 1.1t699 1.05;28 .9h~9 .95;9J .9096 
6O .26619 .17769 1.h868 1.o6h7 .9334 .95;03 .8911 
70 .26935 .17883 I.S05;I 1;0772 .9217 .gh]h .87'2h 
80 .27hh5 .18001 1.5;2h6 1.0902 .9096 .9322 .85;36 
90 ,28018 ,18123 1 , 5 ] t 6 O  1,1039 • .897h ,9228 ,8.:3h5; 

100 .28638 .1821t9 1.5;693 1.1183 .885;0 .9131 .835;2 

I, 

1o0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 
,9999 
.9998 
.9998 
,9998 
.9998 
,9997 
.9996 
.99918 
.9992 
.9991 
.9989 
,9987 
.9985 
,9983 
,9981 
.9972 
.9963 
.99~ 
.99hh 
.9925; 
.99ob 
.9883 
.9862 
.98h0 
.9836 
.9793 

.9999 

.9998 
,9998 
.9997 
.9997 
.9996 
.9995 
.999h 
,9993 
.9993 
.9992 
,9988 
.9981, 
.9979 
.9975 
.9967 
.995;9 
.995;1 
.99~2 
.993~ 
.9927 
,9918 
,9877 
.9835; 
.9"t92 
.971,9 
.966h 
.9577 
,9h88 
.9398 
.9306 
,9212 
.9117 



P %, 7 

Temperature 220eH 

P/oP z ,7 K L 

• 20 .24002 .17142 1.4002 1.0001 .9998 .9999 .9998 I.(XX)O .9999 
.25 .24004 .171~3 1.4002 1.0002 .9998 .9999 .9996 1.0000 .9998 
.30 .24005 .17143 1.4003 1.0002 .9998 .9998 .9996 1.0000 •9998 
.40 .24007 .1714~ 1.4004 1.0003 .9997 .9998 .9994 1.0000 .9997 
.50 .24010 .17~/~ 1.4005 1.0004 .9996 .9997 .9993 1.0000 .9997 
.60 .24012 .19145 1.4005 1.0004 .9995 .9996 .9992 1.0000 .9996 
.70 .24015 .17146 1.4006 1.0005 .9994 .9996 .9990 .9999 .9995 
.80 .24019 .17146 1.4007 I,0006 .9994 .9995 .9989 .9999 .9995 
.9O .24020 .17147 1.4008 1.0007 .9993 .9995 .9987 .9999 .9994 

1.0 .24022 .1?148 1.4009 1.0007 .9992 .9994 .9987 .9998 .9994 
1.5 .24035 .17151 1.4014 1.0011 .9988 .9991 .9979 .9998 .999O 
2.0 .24046 .171~4 i .4018 i. 0015 .9984 .9988 .9972 .9997 .9987 
2.5 .24061 .17158 1.4023 1.0018 .9979 .9985 .9966 .9997 .9984 
3.0 .24073 .17161 1.4028 1.0022 .9976 .9982 .9959 .9996 .9981 
4.0 .4410O .17168 1.4o38 1.0029 .9968 .9976 .9945 .9995 .9974 
5.0 .-24125 .17174 1.40~7 "~..0037 .9961 .997o .9931 .9993 .9968 
6.0 .24150 .17181 1.4056 1.00~ .9952 .996~ .99r/8 .9992 .9962 
7.0 .24177 .17188 1.4066 1.0052 .99~ .9958 .990~ .9990 .9955 
8.0 .24202 .37194 1.4076 1.0059 .9936 .9952 .9891 .9989 .9949 
9.0 .24228 .17201 1.4o85 1.0066 .9928 .9946 .987? .9988 .9942 

Io .24257 .17208 1.4096 1.0074 .9921 .9940 .9863 .9987 .9936 
15 .24388 .17242 1.4145 1.o112 .9881 .991o .9794 .9980 .99o~ 
20 .24524 .17276 1.4195 1.0150 .9840 .9879 .9726 .9973 .9872 
25 .24665 .17311 1.4248 1.o188 .98oi .9848 .9657 .9967 .9839 
30 .24805 .17346 1.4300 1.0228 .9760 .983.7 .9587 .9959 .9806 
40 .25O98 .17416 "I. ~ i. 0308 .968O • 9754 .9~9 .9945 .9740 
50 .25406 .3.7~89 1.4527 1•0391 .9597 .9690 .9310 .9933. .9674 
60 .25724 .17562 1.4648 1.0476 .9515 .9626 .9170 .9917 .9606 
70 .26059 .17637 1.4775 1.0564 .9433. .9.,cZ~O .9028 .9902 .9537 
80 .2(~10 .37714 1.4909 1.0655 .9~6 .9493 .8887 .9886 .9469 
9o .26781 .17793 1.505"3 1.o749 .9263 .9425 .87/~ .9872 .9398 

100 .27171 .17873 1.5202 1.08/46 • 9175 .9355 .8599 .9855 .9327 
150 .29482 .3.8304 1.63.07 1.3.381 .8729 .8987 .7869 .9777 .8956 



P 

.25; 

.30 

.6o 

.70 

.8o 

.90 
1.0 
1.5 
2.O 
2.5 
3.0 
4.O 
5.0 
6.0 
7.O 
8.0 
9.0 

1(3 
:Z5; 
20 
25 
30 
/,O 

60 
7O 
8O 
9O 

100 

20O 

.2hoo2 

.~oo3 

.~oo~; 

.2b007 

.2h009 

.24011 

.24013 

.2~015 

.24017 

.24026 

.2b036 

.24046 

.2~056 

.2h076 

.2~o95 

.2h115 

.2/,135 

.24155 

.2h175 

.24195 

.24297 

.24~0o 

.2~5o5; 

.2h611 

.24829 

.25o55 

.25288 

.25530 

.257  

.260h0 

.26310 

.27831 

.29721 

c, 

.17~2 

.171/42 

.171h3 

.171h3 

.171~ 

.17]J~ 

.17~5 
,z'tz~5; 
.17~6 
.17~8 
,171~ 
,17153 
,1715;5; 
,1716o 
,17165 
,17169 
.1717~ 
.17179 
,3.7183 
.17188 
.17212 
,17236 
.17260 
,17285; 
.1733h 
.1738h 
.17435 
.17h87 
.17539 
,17592 
,].7647 
,17933 
.182h8 

7 

1.4002 
1,hoo2 
1,hoo3 
z,t~ooh 
1,4ooh 
1,1=oo5 
1,~oo6 
1,boo7 
z .hOOT 
1,~o~ 
1,~o15; 
z,~o19 
1,4o23 
1.~030 
1,ho38 
Z.hOlt6 
1.4053 
1.4o61 
1.~o69 
1.~o77 
1,43.16 
1.h156 
1,4197 
1,h239 
1,h324 
2.t~12 
1,h~o4 
1.~600 
1,4699 
1,48o2 
1.h9o9 
i.5;~i9 
1.6288 

TelperatzLre 2hO'R 

P/o p 

I.O001 
1.0002 
i.O002 
1.0003 
1.00o3 
1.ooo~ 
Z.OO05 
Z.OOOs; 
l.OOO6 
l.OOO9 
i.OO11 
l.O01h 
I,O017 
1.0023 
1.0028 
1.003b 
1.0040 
1.0046 
1.0051 
1.0057 
1,0086 
1.0116 
1.oI~5; 
1.o175; 
1.o236 
1.0299 
1,0362 
"~ .o~27 
1.o~9~ 
1.o~52 
1,o632 
1.1007 
1.~32 

I 

.9998 

.9998 

.99~ 

.99~ 

.9996 

.9996 

.9995; 

.9995; 
,999~ 
,9991 
,9988 
.9985 
.9982 
,9976 
.9970 
.99  
.995;8 
.99~ 
.99 6 
.99~0 
.9910 
.9881 
.9851 
.9821 
.~60 
.9700 
.9639 
.9 8 
.95;]6 

.93~. 

.9078 

,1' 

,9999 
,9999 
.9998 
.9998 
,9997 
,9997 
.9996 
.9996 
.9995 
,9993 
.9991 
.9988 
.9986 
.9981 
,9976 
,9972 
,9967 
,9962 
.995;8 
.995;3 
.9929 
.99o5; 
.9881 
,9857 
.9808 
,9759 
.9709 
,9658 
.9607 
.95;5;5; 
.95o3 
,923O 
.8936 

K 

.9997 

.9997 

.9996 

.9995; 

.99~ 

.9992 

.9991 

.9990 

.9989 

.99~ 

.9978 

.9973 

.9967 

.99~ 

.9966 

.9935 

.99~ 

.9913 

.9903 

.9892 

.9837 

.97~ 

.9729 

.967h 

.9565 

.9h5;5 

.93h5 

.9235 

.91~ 

.9012 

.8901 

.8336 

.77~ 

L 

1.0000 
1.0000 
1.0000 
1.0000 

.9999 

.9999 

.9999 

.9999 
,9999 
.9999 
,9998 
.9998 
.9997 
.9996 
.9995; 
.999~ 
.9993 
.9992 
.9991 
.9990 
.9985 
.998O 
.9975; 
.9970 
.996o 
.995;O 
.99ho 
.993o 
.99].9 
.9909 
.9898 
.98/~ 
.9788 

.9999 

.9999 

.9998 

.99~ 

.9997 

.9996 

.99~ 

.9995 

.9995; 

.9992 

.9990 

.9987 

.9985 

.9979 

.99  

.9969 

.99~ 

.99~ 

.99~ 

.9 8 

.9922 

.98~ 

.98~ 

.98~ 

.97~ 

.9~7 

. ~  

.9629 

.9 h 

.9519 

.9175; 

.8870 



Taperature 260"R 

p c, • p/op z a z E/z, 

,3O .21t002 .171h2 1.h002 1.0001 .9999 ,9999 .9998 1.0000 .9999 
.ho .24oo3 .1TJh2 1.boo2 1.o002 .9998 .9998 .9996 1.o00o .9998 
.5o .2b0o5 .17143 1.boo3 1.0002 .9998 .9998 .9996 1.0000 .9998 
.60 .2h0o6 .17143 1.hooh 1.oo03 .9997 .9998 .999h 1.0000 .9997 
.7o .24oo8 .17"Jh3 1.h0o4 1.0003 .9997 .9997 .999h 1.000o .9997 
.8o .2h009 .1TJ~ 1.ho05 1.oo0h .9996 .9997 .9993 1.oooo .9997 
.9o .~o1.l .171h/t 1 . b o o 5  1.00o4 .9996 .9997 .9992 1.0oo0 .9996 

1.0 .2h013 .171hh 1.ho06 1.0ooh .9995 .9996 .9992 1.oooo .9996 
1.5 .2h020 .171Jt6 1.4oo9 1.o007 .9993 .9991t .9986 .9999 .9993 
2.0 .24028 .17J J t8 1.4o12 1,o0o9 .9993. .9992 .9982 .9999 .9991 
2.5 .2h036 .17150 l.hO15 1.0011 .9989 .9991 .9978 .9998 .9989 
3.0 .2hob4 .17151 1.4019 1.oo13 .9986 .9989 .9971t .9998 .9987 
h.o .2b059 .1719; 1.4025 1.o018 .9982 .9985 .9965 .9997 .9983 
5.0 .2b075 .1TJ 58 1.h031 1.0023 .9977 .9981 .9955 .9996 .9978 
6.0 .2ho9o .17161 1.4038 1.0027 .9973 .9977 .99h7 .9996 .997h 
7.o .2hlO8 .17165 1.hob5 1.0o32 .9969 .9973 .9938 .9995 .997o 
8.0 .24121 .17168 1.h050 1.0036 .996E .9970 .9929 .9995 .9965 
9.0 .2h138 .17172 1.4o57 1.OOhl .9960 .9966 .9921 .9993 .9961 

io .24155 .17175 1.4o6h 1.0045 .9956 .9962 .9913 ,9993 .9957 
15 .26233 .17192 1.4o96 1.0068 • 9933 .99h3 .9875 .9989 • 9935 
20 .2h313 .1721o 1.hi 27 1.0091 ,9909 ,9924 .982b .9986 .991h 
25 .2h395 ,17227 1.4161 1,0114 ,9887 .99ob .9780 .9983 .9891 
30 .2hb78 .172h5 1.1,194 1.0138 .986h .9885 .9735 .9978 .987O 
bo .21t6h6 .17280 1.4263 1.0185 .9819 .98h6 .90h8 .9972 .9826 
50 .26819 .17316 1.h333 1.o233 .9773 .9807 ,9559 .9965 .9782 
60 .2h999 .17353 1.h/t06 1.0282 .9728 .9767 .9470 .9957 .9737 
70 .2518o .17389 1.448o 1.0332 .9683 .9727 .9380 .9950 .9692 
80 .25368 .171t27 1.h557 1.o382 ,9637 .9687 .9292 .99h3 .9667 
9o .25560 .171t6h 1.4636 1.01t33 .9591 .96h6 .9203 .9936 .9602 

lO0 ,25761 .17503 1./t718 1.0h86 .9..~7 .9605 .9113 .9929 .9556 
150 .26843 ,177o2 1,5164 1.o761 ,9317 .9391t ,8662 .9892 .9321 
200 ,28].1.1. ,17916 1,.%90 1,1062 ,9O89 .9173 ,8207 .9855 .9O79 
250 .296]Jt .18147 1.6319 1.1395 .8860 .89b0 .?Thb .9816 .8825 



P or 7 

Temperature 280°R 

P/oP I # K L l #  
.40 .24002 .17]~2 1.h002 1.0001 .9999 .9999 .9997 1.0000 ,9998 
.5;0 .24003 .17~2 1 .h002 1.0002 .9998 .9998 .9996 I.O(XX) .9998 
.6o .240o5" .1~-~3 1.~003 1.0002 .9998 .9998 .9996 1.00oo .9998 
.70 .240o6 .17143 1.4003 1.00o3 .9997 .9998 .9994 1.000o .999? 
.80 .2hOOT ,17143 1.4oo4 1.o0o3 .9997 .9998 ,9994 I.(KD0 .999? 
.9O .240o8 .i7143 1.400S i.0003 .9997 .9997 .9994 i.O000 .9997 

1.0 .24o10 .17lEE 1 . 4 o o ~  i.ooob .9996 .9997 .9992 1.0000 .9996 
1.5 .24o16 .171~5 1.4008 I.O00S .9995 .9995 .9989 1.0000 .9994 
2.0 .24o22 .17146 1.4010 1.0007 .9993 .9994 .9986 .9999 .9993 
2.5 .24028 .IT~7 1.4013 1.0009 .9991 .9992 .9982 .9999 o999~ 
3.0 .24o~5 .iTS9 1.4o16 1.0011 .9990 .9991 .9978 ;9998 .9989 
h.O .24o47 .1?1~ 1.4021 1.0014 .9986 .9988 .9971 .9998 .9985 
5.0 .24o6o .i715h i.ho',6 i.ooi8 .9983 .998h .9963 .9998 .998x 
6.0 .24072 .17156 1.4031 1.0022 .997V .9981 .9956 .9997 .9978 
7.0 .24o86 .17i59 1.4o37 1.o025 .9976 .9978 .9949 ;9997 .9974 
8.0 .24098 .1TI61 1.4042 1.0029 .9972 .9975 .99hi ;9996 .9970 
9.0 .24111 .17164 1.4oh7 1,0033 .9969 .9972 .9934 ;9995 .9967 

lO .24123 .17166 1.4o53 1.oo36 .9966 .9969 .9927 .9995 .9963 
15; .2hi87 .17179 1.4o79 1.oos~t .9947 .9953 .9891 .9993 .99hh 
20 .24253 .17192 1.~lO7 1.0073 .9931 .9938 .985~ ;9990 ,9926 
25 .24318 .17205 i.~134 1,0091 .99]~ .9922 .9818 ,9988 .9907 
30 .2h383 .17218 1.hi61 1.OllO .9896 .99o6 .9781 .9985 .9888 
4o .24519 .172hh 1.h219 1.o3J~7 .9863 .9874 .9To8 .998o .985l 
5;0 .24655 .17270 1 . 4 2 7 6  1.0185; .9829 .98h3 .9635 ;9975; .98"J£ 
60 .24795; ,17297 1.433:; 1.0223 .9794 .9811 .9S62 .99T1 .gTTs; 
70 .24939 .17324 1.4396 1.0262 .97Q ,9778 .9489 .9966 .Y737 
8O .2~o84 ,17352 1.41t5;6 1.O3Ol .9726 .9746 .9416 .9961 .9699 
90 .25;233 .17379 i.4519 i.o34i .9692 .9?i3 .9342 ,. .99~6 .966i 

100 .25;387 .17407 1.45;84 1.0381 .9658 .9680 .9269 .995"1 .9622 
1~0 .26203 .17S5l 1.4930 1.0589 .949i .9512 .8902 ;9929 .9426 
200 .27338 .l?T03 1.5318 1.0812 .9325 .9338 .85;31 ;9905; .9223 
2~o .28i5;3 .1786h 1.576o 1.io5o .9164 .9157 ,8159 .9883 .9016 
3oo .29335; .i8o35; 1.6266 1,1306 .9007 ,8969 .7792 .9862 .8830 



Telperature 300"R 

p op r plop z a • 

,5o .2h002 .171h2 1.1tO02 1.0001 .9998 .9999 ,9997 
,60 ,2h003 ,17]J~2 l.hO03 1,0002 ,9998 .9998 .9996 
.70 ,21tOOh .171Jt2 1.ltO03 1,0002 .9998 .9998 .9996 
.80 .2h005 .171h3 1.boo3 1.o002 .9998 ,9998 .9995 
• 90 .2h0o6 .171h3 l,|;00h 1,0003 .9997 .9998 .999h 

1.o .2hoo7 .17~3 l.hOOh 1.o0o3 .9997 .9997 .999h 
I,S ,2ho13 .ITI~ i,~oo6 1,o0oh ,9996 ,9996 ,9991 
2.0 .2ho18 .1Tlh5 z.ttoo9 Looo6 .9~7~; .9~)S .9987 
2.5 .~o23 .171h6 ] . hod  1.0(m7 .9993 .999h .9985 
3,0 ,2h028 o17].h7 loltO13 1,0009 ,9992 ,9992 ,9~81 
h.o .2h039 .173h9 1.ttol8 1.o012 .9989 .999o .997~; 
~,0 ,2hOb9 o1715'1 1,h.022 ].oOOZ.~ °9987 ,9987 ,9969 
6,0 ,21t061 .171~3 1,h027 1,0017 ,998h ,9985 ,996h 
7.0 .2)4070 .1TIS~ 1.h032 1.o020 .9082 ,9982 .9957 
8.0 .2ho79 .]T156 1.ho35 1.o023 .9978 .9979 .99.~ 
9.0 .~o9o ,z733;8 ].6oho 1,oo26 .9976 .9977 .99h5 

10 .2hlO0 .1TJ60 3.,~tohh 1.0029 .9973 .997h .9939 
,2h3...~ ,173.7o 1,ho68 ].,oohk ,9961 ,~6.3. .99o8 

20 .2h207 .17180 ] .1t090 1.ooS9 .99h7 .99h8 .98T7 
2f .2h260 .1TJL89 ] . l d ~  1.0073 .9931, .9935 .98h7 
30 ,2h313 .17199 1,h136 1,0088 ,9921 .9922 .9817 
]tO ,2hit2h ,17219 l,h].Slt 1,o118 ,989~ ,9896 .9755 
50 .Ph535 .17239 1.6232 3.0]~9 .9870 .9870 .9692 
60 .2h6h8 ,17259 1,h281 1,o179 .98hh .98h3 .9632 
70 .2h766 .17279 1.h332 1.o2].o .9819 .9817 .9570 
80 .2h879 .17300 1.h381 1.02hl ,9792 ,9790 .95o9 
90 .2h999 .17320 ].hh3h 1.0272 .9768 .9763 .9hh8 

1¢30 ,25119 .173hl 1.hlt8~ 1.030h .97h2 .9736 .9386 
l fO .25756 .17h/t8 1.h762 1.0h66 .96Z8 .95~) - .9079 
200 .26hSit .17559 1.5066 1,0635 .9699 .91t59 .8772 
250 .27218 .17676 1.5398 1.0813 .938h .931h .8h65 
3oo .28o63 .17799 1.5:767 1.o999 .927h .9166 .8158 
ltoo .30018 .18063 1.6619 1,~oo ,9o71 .8857 .75~ 

L 
1,0000 
1,0000 
io0000 
1,0000 
I.O00C 
I,0000 
1.0000 
1,0000 
1,0000 

.9999 

.9999 

.9999 

.9998 

.9998 

.9998 

.9997 

.9997 

.999S 

.9993 

.9992 

.9991 

.9987 

.9983 

.9981 

.9977 

.997h 

.9971 

.9968 

.99~ 

.99~ 

.9929 

.9919 

.990h 

.9998 

.9998 

.9998 

.9997 

.9997 

.9997 

.999~; 

.9993 

.9992 

.9990 

.9987 

.9986 

.9981 

.9977 

.997h 

.997] 

.9968 

.99~ 

.9935 

.9919 

.9903 

.9870 

.9837 

.980h 

.9771 

.9738 

.9705 

.9671 

.9.q)2 

.9329 

.91~3 

.8973 

.8601 



P 

.TO 

.80 

.90 
1.0 
i .~  
2.0 
2.S 
3.0 
b.O 
~.0 
6.0 
?.0 
8.0 
9.0 

10 
iS 
20 
2S 
3o 

So 
6o 
7o 
80 
9o 

100 
iSo 
2oo 

3o0 
Eoo 
Soo 
6o0 

,2b003 
,~003 
.2~oo~ 
,2~ooS 
,21~009 
.2Eoz3 
,211.017 
.2~021 
.2~o29 
.~o37 
.~c~S 
,2~oS3 
,~o62 
,?.bo?o 
,~o?? 
.2~.I.8 

,~z99 

,2L~o8 
,2bb93 
,2J~83. 
.2~669 
.~75% 

.~S309 

.2S807 
,26330 
,26893 
.28230 
.29S~ 
.31128 

O, 

.1T~2 

.1?J~2 

.1TJ~2 

.1Tl~2 

.1TIE3 

.171~ 

.17i~ 

.iTZ~ 

.l?~h6 

.z7~8 

.z7zE9 

.1T1~o 

.17~2 
o171~3 
.1TlS~ 
.171_61 
.1T167 
,l?ZTE 
.IT181 
.1719~ 
.17208 
,17221 
.1723S 
.172b9 
.17262 
,17276 
.173~7 
.17h2Z 
.iT~yr 
,17576 
.1TTE2 
.1792o 
.18112 

Y 

i .Eoo2 
z.boo3 
i.~oo3 
i.boo3 
i .ImoS 
1 .bOO? 
1 .~009 
l.~ozz 
i.~o]~ 
i.Eol8 
1,1;021 
z.Eo~S 
1.~o29 
i,Im33 
].,Lto36 
i .~o~ 
i.~o72 
1.bo9o 
i ,~o9 
1 ,E~? 
1.EzSh 
1.E223 
1.E262 
1 .~3o2 
z . ~ o  
1.E381 
Z.~59o 
Z.ESiE 
1,~oE8 
i.Sboz 
i.~85S 
1.6E81 
1.7186 

Te~-atm'e 33o~ 

p/o~ ~ z J 

1,0002 .9999 .9999 
Z,O002 .9998 .9998 
1,0002 .9998 .9998 
1.000~ .9998 .9998 
1,0003 .999? .9997 
1.ooob .9996 .9996 
Z.OOOS .9996 .999S 
LOOO6 ,9995 .999~ 
1.0009 ,9993 .9992 
1.0011 .9991 .999o 
1.oo13 .999O .9988 
Z,OOZ~ ,9988 ,9986 
LOOZ7 .9987 .998E 
1.00Z9 ,998S ,9982 
1.0022 .9983 .9980 
z ,0032 ,9Y7~ ,9770 
1.00~3 ,996~ .996o 
Z.oo~ .99~6 .99So 
1.O06E~ .99~8 .99~0 
i.oo87 ,9932 .99~ 
Z.ozo9 .99~ ,9899 
1.0131 .9898 ,98?9 
1,OlS3 .9882 .98S8 
1,017S ,9867 .9838 
1,0198 ,98b9 ,9818 
1.0220 °9833 °9797 
1.o33~ .9756 .9693 
1.o~52 .968~ .95;88 
I .o~2 ~ o  .961.~ / , $ ~  .9J~8o 
Z.~9~ ,955"1 ,9372 
Z.og~z .9~Z .9Z~8 
1.1216 ,9357 .8919 
1.~97 .93oo .8682 

K 

,9996 
,9996 
,999S 
,9995 
,9993 
.9991 
.9988 
.9986 
.9980 
,997S 
.9971 
.9966 
.9961 
.99S6 
.99SZ 
.99Z7 
.9903 
.9878 
.985~ 
.980~ 
.975"7 
.9T09 
.9660 
,96Z2 
.9~3 
.95"~ 
.927~ 
.9o3E 
.879S 
.8SS8 
.8o86 
.76~ 
,7167 

L 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,0000 
1,0000 
.9999 
.9999 
.9999 
.9999 
.9999 
.9999 
.9998 
.9998 
.9997 
.9996 
.9996 
.999b 
.9993 
.9992 
.999Z 
.9990 
.9988 
.9988 
.9983 
,9979 
,9977 
.9977 
,9982 
.9996 

1 ,ooz8 

E/r 

.9998 

.9998 
,9997 
.9997 
,9996 
.999~ 
,9993 
,9992 
,9989 
.9986 
.998~ 
.9981 
.9978 
.9975 
.9973 
,9959 
.99~ 
,993Z 
.9918 
.989o 
,9863 
.9836 
.9808 
.978O 
.9752 
.gT~ 

.9bE2 

.9~98 

.9~2 

.88SS 

,82b0 



P Cv 7 

Temperature J~OOR 

p/o  z a K I, 

t 
[. 

.9o .2hoo3 .1722 1.hoo2 1.OOOl .9999 .9999 .9997 1.oooo .9998 
1.o .2h003 .171h2 x.ltoo3 1.ooo2 .9999 .9998 .9996 1.oooo .9998 
1.5 .2boo? .1711t2 1.hoolt 1.ooo2 .9998 .9998 .999h 1.o0oo .9996 
2.0 .2lto10 .171h3 1.boo6 1.ooo3 .9998 .9997 .9992 1.oooo .9995 
2.5 .2h013 .171h3 1.ttoo7 1.oOoh .9997 .9996 .9990 1.oooo .999h 
3.0 .2ho16 .171hit 1.hoo9 I.OOO~ .9997 .9995 .9988 1.0000 .9993 
h.o .2h023 .1711t5 1 . 1 t 0 1 2  1.0006 .9996 .999h .998h 1.0000 .999o 
5.0 .2ho29 .l?lh6 1.~o].5 1.o0o8 .999h .9992 .998o 1.oooo .9988 
6.0 .2ho35 .171hT 1.ho18 1.OOLO .9993 .999O .9976 1.oooo .9986 
7.0 .2~0h2 .17]h7 1,h021 1.0011 .9992 .9989 .9972 1.0000 .9983 
8.0 .2hob8 .171h8 1.ho2h 1.0013 .9991 .9987 .9968 1.0000 .9981 
9.0 .2h05~ .171h9 1.h027 1.o01h .9990 .9986 .9965 1.oooo .9979 

10 .2ho61 .17150 1 . h o 3 o  1.oo16 .9989 ,998h .996o 1.0ooo .99?6 
15 .2hogh .1T155 1.~oh6 1.oo2h .9985 .9976 .99~o 1.oooo .996~ 
2O .2/d25 .1716O 1.1t059 1.0032 .9978 .9968 .992O 1.0000 .9952 
2~; .2Jd37 .171~ 1.boTh 1.ooho .9~73 .996O .99ol 1.oooo .99ho 
30 . ~A192 .17169 l.h091 l.OOh8 .9969 .9952 .9881 1.0000 .9929 
ho .2Lt2~ .17178 1.h12O 1.006h .9958 .9936 .98hp 1.0000 .~')05 
50 .2h322 .17188 1 . h 1 5 1  1.0081 .991t7 .992O .9802 1.0000 .9881 
6o .2h388 .17197 1.h182 1.oo97 .9937 .990h .9763 1.ooo0 .9858 
70 .2hh55 .17207 i.h212 1.0113 .9926 .9888 .972h 1.0000 .983h 
8o .2h526 .17217 1 . ~ 2 h 5  1.o129 .9917 .9872 .9685 1.0o00 .9810 
9o .2h59E .17226 1 . ~ 2 7 T  1.01h6 .99O8 ,9856 .96h5 1.0000 .9786 

100 .2h663 .17236 1.h309 1.0162 .989,8 .98h0 .96O6 1.0001 .9762 
150 .2.E;O17 .17285 1.hit73 1.02h5 .9852 .9759 .9hll 1.0002 .96hl 
200 .25391 .17336 1.h6h6 1.0328 .9810 .9677 .9218 1.0006 .952O 
250 .25778 .17388 1.h825 1.0h12 .9772 .9591t .9027 1.0010 .9398 
300 .2618h .17hE1 1.5013 1.oh98 .97/to .9511 .8835 1.oo1~ .9275 
ltoo .270h7 .17552 1 . S h l O  1.0670 ,9687 .93h2 .8h6o 1.0032 .9O27 

.2T989 .17669 1.58hl 1.oShlt .9655 .9171 .8o92 1.oo55 .8775 
60o .29ooh .17792 1.63o2 1.1019 .96h5 .8998 .7733 1.oo86 .8522 
700 .3o103 .17922 1.6797 1.1195 .9662 .8823 .7383 1.012h .8265 
8oo .31268 .18058 1 . 7 3 1 5  1.1369 .97o2 .8~6 .7o~ 1.o173 .8008 



P 

2.0 
2.~; 
3.0 
b,O 
~;.0 
6.0 
7.0 
8.0 
9.0 

lo 

20 
a; 
30 
1,o 

6o 
70 
8o 
90 

lo0 
~o 
~,oo 

3OO 
1,00 

6OO 
7OO 
8OO 
9OO 

lOO0 
120o 

% 

,211012 
.:~I,O].S 
.:,/tin8 
.2ho~,3 
o2hO28 
.2ho33 
.2ho39 

.~oh9 

.~1,o~ 

.2ho8o 

.2hlO6 

.2h133 

.2h~9 
,2~212 
,~2e5 
,25~2o 
.2h371t 
.2hh28 
. ~ 8 3  
.21,~38 
.2h820 
,25'-1_08 
,25~10 
,2~3.~ 
.26365 
.2TOE7 
.~7765: 
.~85J7 
,2~299 
.301o7 
.30937 
.32631 
,352J42 

c,. 

,1T~7 
,1711~8 
,171~8 
,1T1~9 
,17]~9 
.171~ 
. lnS1 
,1715"1 
,~7~;2 
,1TI~;3 
,17156 
• 1TJ ~;9 
.17163 
,17166 
,17173 
,1718o 
,1T187 
,1TI9~ 
,172o1 
,172o8 
o17215 
,1725k) 
,17286 
,17)23 
,17361 
o17h38 
,17~19 

- ,176o3 
o17690 
.1778o 
,1787h 
.17971 
.18172 
.18~91 

7 

m.Eoo~ 
z.~oo5 
1.h006 
1.EO09 
1.~01l 

.hO~ 
~.~0~6 
z.hoz8 
1.h021 
z.Eo~E 
I,~036 
.hob8 

i,ho61 
I .hoT~ 
1 .~o99 
1,~ 
.~xSo 

1.1,176 
1,h202 
1,h228 
~.b2~ 
I .h388 
.hS2S 

I.~668 
~.hS~ 
1,5119 
1,5h39 
1oS773 
1,6120 
1.~78 
1.68~ 
1,7216 
].,795'7 
1.9oo~ 

~ :  Z / ? T  / 

P 
Te~peratur~ 390"R ~ . ~  I t ~  

1.0o02 ¢~s .9998 
1.o0o3 .9997 
l.OOOh .9997 
I.O005 .9~96 
1,ooo6 o~)96 
Looo? .99~ 
z.ooo8 ,999~; 
1,00~ ,999~ 
1,00~3. ,9993 
1,00~, ,9993 
1,o018 .9990 
] .oo~ .  ~¢ 7 c .9987 
1.oo3o ,9985 
1.oo36 ,9981 
]..oo~8 ,~ s~ ,gYt5 
1,o06o .9969 
1,0072 ,~q ;.~ ,9963 
].,oo~ .99.~8 
1,o096 "/"/o~ .99];2 
1.olo8 .99~7 
1,012o. ~ ~'( ,99h2 
1,0181 ,qf~Z .9919 
z . o ~ 1 ,  ~,'- c .9898 
1.,o3ol .9882/, ~ ~-~ 
1.o36]. .9869 

.PPg8 

.PPP7 

.PPP6 

.PP95 
,PPP~ 
,9992 
.ppPJ 
.PPPO 
.PPSP 
.PPS? 
.PPS] 
.997S 
.9968 
.9962 
.99E9 
.9936 
.9923 
.9930 
,9897 
.~88E 
.9872 
.9807 
.97h2 
.9676 
o96Zl 

1.0..;99 .P8~;O /..~P'- .93b7 
1,0716 . ~ -  ,9879 
1,0829 ,9918 
1,o938.9~ ,~77 
1,10/;2 .~o~6 1.00];6 
z,nh2 ~ s  1,o1~ 
1,1317 .SS~; 1,0~22 
1,150~ ,~i/I ! 1.098] 

.921E 

.POS] 

.891,8 

.8816 

.868S 

.~27 

.8oS9 

K 

.9993 

.9992 

.99P0 

.PP87 

.PPSI, 

.9980 

.PPT7 

.P97h 

.PPTO 

.9967 

.PP~ 

.PP~ 

.p~8 

.9po2 

.9869 

.9836 

.98o3 

.P'/'TJ 
oP738 
.P7o6 
.967.t 
.95'12 
.9353 
.919E 
.9o38 
.87Jo 
. 8 ~  
. ~ ;  
.785"1 
.75'T5 
,7308 
.70.¢J. 
.6~9 
.5937 

t . T  

L 

1o0000 
1,0000 
1.0000 
1.0000 
1.0000 
1.0000 
1,(XXX) 
1.0000 
1.(X)O1 
loOOO1 
1o0001 
1.0002 
1o0002 
1,0002 
1.0003 
1.00~ 
1,O00~; 
1.0006 
1,0007 
1.0009 
1,0010 
1,0016 
1.00~ 
1.00) 2 
1.OOh2 
1.006S 
1.009h 
1.0128 
1.0170 
1,0217 
1,0272 
l.O)J5 
i .~86 
1.07~ 

I #  

.9996 

.9995 

.9991, 

.9992 

.9990 

.9987 

.998S 

.9983 

.9981 

.9979 

.9969 

.9958 

. ~ 8  
,9937 
.9916 
.909S 
.987h 
.98S3 
.9832 
.9811 
.9790 
.9681, 
.9578 
. 9 ~  
.9361, 
.9,_~0 
. ~  
.8718 
.8~01 
.8~85 
.8070 

.71,3/, 

.6831 



Te~'aturo h20"R 

P % p/op z z I 

2.0 .2h035 .171~ 1.h002 1.0002 .~)98 .9998 .999h 
2.5 .2lt017 .ZTJ 53 1.h003 1.0002 .9998 .9998 .9993 
3.0 .~019 .1715Z lohOOh 1.0003 .9998 .9997 .999Z 
boO .2ho23 .17352 1.hoo6 1.oooe .9997 .P996 .9988 
5.0 .2h028 .17152 1.hoo8 1.ooo~ .9997 .9995 .9987 
6.0 .2h032 .17J.53 1.hoZO 1.0005 .9997 .999J~ .998h 
7.o .~o36 .171~ i.ho12 1.ooo6 .9996 .9993 .998Z 
8.0 .2hO~ .1TJ.~ Z.hO~ 1.0007 .9996 .9992 .99?8 
9.o .2holt~ .17155 1.h017 1.ooo8 .9996 .999). .99?5 

zo .21toE9 .17155 z.hoz9 1.ooo9 .9995 .999o .9~t2 
25 .21to71 .17J.58 1.ho29 1.0013 .999h .9985 .9959 
2O .2ho93 .1716o z.lmho 1.o018 .9993 .9979 .99hh 
25 .~2.~ .17163 1.ho5o 1.0022 .9991 .99"/'E .9931 
30 .21d35 .17165 1.1t061 1.0027 .9990 .9969 .99'.1.7 
ho .2Z~L81 .17170 1.Lto83 1.oo36 .9987 .9958 .9889 
50 .2L223 .1717.'; x.hzob z.oob~ .9985 .99l~8 .986a 
6O .2h269 .1718o 1.hz26 1.oo~ .9983 .9937 .983h 
?o . ~ 3 n  .17185 Z.b]J~7 1.0o63 .998o .992? .9806 
80 .2h358 .ZTLCJ 1 . h 1 6 9  1.0072 .9979 .99Z6 .9??9 
9O .2hltoh .173.96 1.h)~2 1.0o80 .9977 .9906 .9752 

zoo .21~9 .17201 1.h2~ 1.0089 .9975 .9895 .9725 
I~O .2h676 .17227 1.h3P]t 1.0 .1~ .9906 .98h3 .9589 
2OO .2~9].t .17253 1.hh39 1.o177 .996~ .9790 .9h55 
250 .2..RL~ .17280 1 . h 5 5 5  1.0223. .9961 .9737 .9321 
3O0 .25397 .173o8 z.h6?h 1.o26h .9963 .9685: .9190 
h0o .25900 .1736h 1.h916 1.o3h8 ~ .9976 .9579 .893). 

.261t23 .17h22 1.S172 1.01t29 1.0007 .9hTh .808o 
600 .269(:d. .17~82 1.,,~t22 1.0508 1.OOh3 .9369 .8h3~ 
700 .27~18 .175~3 1.5686 1.0583 1.0098 .9265 .8196 
8o0 .28089 .17606 1.59~ 1.o653 1.o170 .P.J~ .7965 
900 .28666 .17671 1.6222 1.0720 1.02~4 .9o59 .77hi 

1ooo .29255 .17738 1.61t93 )..O?82 1.035"? .895? .7525 
]2oo .30E36 .17875 1.?027 1.o889 1.o6o6 .8759 .7417 
1500 .32).73 .1809). 1.778k 1.10o3 1.1o98 .8h76 .6567 
200o .3h767 .18h67 1.8827 1.1o57 1.22o3 .80~3 .583.2 

L 

)..0000 
1.0000 
1.0000 
1.0000 
)..0001 
1.0001 
1.0001_ 
1.0001 
1.0001 
1.0001 
1.0002 
1.0003 
Z.000it 
1.0001, 
1.0006 
1.0007 
1.0009 
1.0011 
1.00.12 
1.00~ 
1.0017 
Z .oo25 
1 .oo37 
1.0oh8 
1.006o 
IOO088 
1.022.1 
1.0158 
1o0199 
1.o~7 
1.0298 
1.03~ 
1 .oh85 
1.0723 
1.1231 

z/z, 
.9996 
.999~ 
.9991t 
.9992 
.9991 
.9989 
.9987 
.9985 
.998:1 
.9981 
.9972 
.9962 
.9953 
.99h3 
.9925 
.9906 

. .9887 
.9868 
.9~9 
.983o 
.9832 
o97Z7 
.9622 
.9527 
.9h32 
.92h2 
.9052 
.8863 
.867h 
.~85 
.8299 
.8x~ 
.775o 
.7~25 
.~26 



T e ~ e r a t u r e  ~O~t ,. 

p o ,  "," plop z J L B#  

ZOO .2~01 .1T19~ 1.1~]31 1.007:3 .9Y91 .9908 .97~2 1.0020 .98~3 
]3O . ~  .17217 Z.~2~ Z.0109 .9993 .9862 .9629 1.0031 .97~ 
200 o2k807 .17238 1.~39'J. 1o0]~ .~95 o9816 . 9 ~  1.0063 o96~6 
25:O .2..~019 ,17261 1,1J~gS 1,0179 1,0003 ,9770 .9389 1,00~6 • 9.~5"/ 
3OO ,2S230 ,1'7283 1,h~98 1,0213 1,0010 ,972~ ,9271 1.00.70 ,9E69 
/~0o .2~366 .17329 1,h811 1,0279 1.0037 .9632 .90hl 1.0100 ,9293 

,26]..~ .17376 1,..~o29 1,o3h3 "n,0076 o95~ ,881h 1,013h ,9"J16 
6oo .26~;7~; .17/;25 lo52~1 1,oh03 1.0128 ,9/L~o .8~;9/~ 1,0172 ,891~ 
?oo .2T039 ,17/~7/~ 1,~7~ 1,oh6o 1,o19o ,936o ,838]. "n.02~ ,8?6? 
800 • 275"J.6 ,175;25; lob~01 1,05:1/; 1,0266 ,92TJ. ,8172 1,025;9 .8~;92 
9OO ,27998 ,17b"'/7 1,~929 1,0562 1,035;6 ,9183 ,797'2 1,0310 .,8~.20 

1000 o28h82 .17630 1 , 6 ! 5 ~ ;  1.0608 1.0h~;8 .9096 .7777 1 o 0 ~  .8250 
1200 .29~9 ,177Eo 1,660o 1,o68h 1,o7ol ,8927 ,ThO? ].,ohs~; ,79"JLE 
15oo ,3O861 ,'n?910 1,723.1. 1,0761 "n ,ZI.63 ,8685 ,6905 1,0700 ,7h3.1. 
2OO0 .3300i .18208 1.812,~ 1.0796 1.2i7,~ .83ZI .6,1.92 1.1131 .668,~ 
2.~X) ,3M73 ,ZS.~2Z z .87 ' / . ~  1.o?72 ] . , ~  ,8oo.~ ,.~.~8o z,~g? ,6o~ 



p 

3.0 
h.o 
5.0 
6,0 
7.O 
8.0 
9.0 

10 

2o 

3O 
lm 

6o 
7o 
8O 
9o 

1(30 
x5o 
2OO 
25o 
3oo 
boo 

6oo 
7oo 
8oo 
9oo 

looo 
1200 
Z930 
2O0O 
2,;oo 

%, 
.2~023 
.21m2~ 
.~028 
.2E031 
.2ho35 
.2ho38 
.2ho~2 
.2~o~5 
.2bob9 
.2bo66 
.~083 
.~101 
.~U8 
.2 Z 3 
.2h188 
.2h221t 
.2~2~9 

.?~328 

.2  65 

.26727 

.2h912 

.25"~ 

.2~79 

.2~869 

.26266 

.26664 

.27068 

.2"t ,78 
,27887 
.2869h 
.29878 
.316TI 
.33186 

c, 

.17x59 

.17159 

.17159 

.1716o 

.1T16O 

.17160 

.1T161 

.1716]. 

.17161 

.17163 

.17165 

.17167 

.17168 

.17172 

.ZnTl; 

.17179 

.17183 

.17186 

.17190 

.17193 

.17213. 

.17229 

.17248 

.17266 

.173oh 

.173h3 

.17383 

.17E2h 
,17465 
,175o8 
.175.o_ 
.17639 
.17776 
.18o1~ 
.18266 

Y 

Z.I;ooO 
1.h001 
1.boo3 
1 .~ooh 
1,boo6 
1,boo8 
1,~OlO 
z.bo  
1 ,bO:L3 
1.b022 
1.~031 
1.bo39 
z.boh8 
1,1to65 
Z .bo83 
i.h3oi 
1.h118 
1.I,136 
1 .h152 
1J,171 
1.b261 
1.It352 
1 .bEE3 
1.b537 
1.b724 
1.~916 
1.511o 
1.53o3 
1.5lt98 
1.5695 
1.5889 
1.6267 
1.6808 
1.7~80 
1.8168 

P/o p Z I 

1.0002 ,9997 
1.0002 ,9997 
1.0002 ,9997 
1.ooo3 ,9997 
1.00oh .9997 
I.OOO~ .9997 
1.ooo5 .999T 
1.ooo5 .9997 
1.oo06 .9997 
1.ooo9 ,9998 
1.0012 ~< ,9998 
1.oo15 ,9998 
1.0018 .9998 

1.oo3o I.OOOO 
1.0036 %~ ~¢ 1.0001 
1.00~2 1.0002 
l.OOb8,tft~6~/1.0002 
1 .oo53 1 .ooo3 
I.oo59,~44-1 1.ooo6 
1.0088 1.0012 
1.0].%6 ~'t',4 1.0022 
1.o  1.oo3  
1,o17]. 1.oo5~ 
1.0223 ,~Wt,, 1.0087 
1.0272, 1,0136 
1.0319 .q~9 ~ 1.o195 
1.0362 1.0264 
1.0401 ~1+ 1.03~ 
1.0437 i.o437 
1,o469 ,~s~'~ 1,o539 
1.0521, q~o~ 1.o777 
1.0~69 ~ ~,~. 1.1218 
1,o5'77 ' ~  1.2153 
1,05~8 ,~/4~o 1.3336 

j I L , / r  

.~)99 .999~ .9999 ,9996 

.9998 .9993 1.0000 .9995 

.9998 .9991 1.0000 .9993 

.9997 ,9989 1,0000 .9992 
,9996 ,9986 Z,oo00 .999o 
.999S .998~ I.OOOI .9988 
.9994 .9982 1.0001 ,9987 
,9993 .9980 1.Ooo2 .9985 
,9993 ,9977 1.0002 .9983 
.9989 .9966 1.oo03 .9975 
.998b .9955 1.0004 .9967 
.9980 ,9943 1.ooo5 .9958 
,9976 ,9932 1,ooo6 ,9950 
.9968 .991o 1.ooo8 .9933 
,9<)60 .988T 1,0010 .9917 
.9952 .9864 ].,oo12 .990o 
,99hJt ,9842 1.0015 .9883 
.993~ .9820 1.0017 .9867 
.9927 .9798 1.0020 .98~ 
.9919 .9776 1.0022 .98~ 
,98?8 ,9665 1,0035 ,97.~0 
.9838 .955"? 1.0048 .9667 
,9797 ,ghlt8 1.0062 ,958b 
,9757 .93hl 1.0077 ,9.¢01 
,9676 .913~2 1.o109 .933Y; 
. 9 ~  ,8928 l.O~J~ ,91TJ. 
.95'1? 7~" .8728 ,~ ~ ~ ~ 1.o182 .9007 
.9439 .8535 1.0224 .88hh 
.9362 .83h7 1.o27o .8682 
.9286 .8"J65 1.0318 .8522 
.92]1 .7989 1.0371 .8363 
.9o65 , .765~ 1.o486 .8o,,e3 
.8856 .713/t 1.o68E .76o3 
.8~2 ,6529 1,1o68 .69O6 
.826E .591t3 1.~72 .6268 



1,80*R 

150 ,24~0 ,17209 1,4237 1,001'1 1,0029 ,9892 ,9694 1,00)8 ,9763 
200 ,26663 ,17226 m,6319 1,0093 1,0065 .9856 .959~ 1,0053 ,9683 
250 ,26828 ,17260 1J~01 1,0~5 1,0061 ,9820 ,9696 1,0068 ,9605 
~K)o ,2~)6 ,17255 i,~86 1,0136 1,0082 ,978~ ,9399 1,0084 ,9527 
400 ,25332 ,17287 1,465~ 1,0176 1,0129 ,9713 ,92o7 1.0118 ,9369 
500 ,25676 ,17320 1,4824 1,02]J~ 1.018~ .9642 ,902.1. 1,01~ ,92~ 
6oo .26025 .17353 1.6997 1.0269 1.025'1 .95'72 .8839 1.0193 .9o60 
700 ,26376 ,17387 1,5170 1,0281 1,0327 ,9~0~ °8662 1,023S ,8906 
8oo .26725 .17lt21 1.53[~1 1 . o 3 o 9  1.oldl .9k,16 .8EgJ 1.o28o .87~ 
900 .27078 ,17~S7 1.5511 1.033~ 1,0~05 ,9369 .8325 1,0329 ,8603 

1000 .2'7~29 .17~92 1..~:~81 1 . o 3 5 6  1 . o 6 1 o  .93o3- .816~ ~,1.o3?9 .8]~55 
1200 .28"J.23 ,17~65 1,6ol]. 1 , o 3 9 0  1,o845 ,9'JL?S ,?8~;6 1,o~9o ,8162 
150o ,29136 ,17677 1,6~82 1,061b 1,1272 .8~ ,71132 1,o676 ,T760 
2000 .30670 .17872 1.7161 1 . 0 3 9 6  1.21.5"7 .8720 ;6813 1.1031 .7083 
2~0 ,31970 ,18069 1,7693 1.0~ 1,3251 .8b81 .6265 1,1399 ,6b8Z 



T ~ z ~ t ~  500°R 

p Op 0 v T Plop Z 

3,0 ,?b037 .I?JL73 1,3997 1,0001 .9996 
h.o , ~039 ,ZTJ 73 1,3998 1.0oo2 .9996 
5,0 ,2~o~2 .17173 z,hooo z.ocx~ o9996 
6.0 o2~oE5 .17'-73 1 .bOOl  1,(xx32 .9996 
7,0 o~O~8 .1717/~ I,EO03 1,0003 ,9996 
8,0 .~051 ,l?r/~ 1~oo~ 1.ooo3 ,9997 
9.O .2bO~ .1T17b 1.bOO6 1.ooo3 .9997 

zo .~o~6 .1717~ 1,1~oo? z,oooE ,9997 
15 .2~OT~ ,:17476 X.bozE 1.ooo6 ,9999 
20 ,2~C385 ,1T177 1,b022 1.0008 1,oooo 
25 .2~099 ,17J 78 1.E029 1,OOLO 1,o001 
30 .26113 .17179 1,/~o36 Z.oo~ 1,o0o3 
l~o ,21~2 ,17482 1,~o~ 1 , o o 1 5  1.o005 

, P.~1.7] ,1TL85 1 , ~ 0 6 5  1 , o o 1 9  1,ooo8 
60 ,21EL99 .XTJ 87 1.~OBO 1.0023 1,0011 
70 ,26228 oITI90 lobOgb 1,0027 1,001~ 
80 .2~2~6 .1TJ.92 1.b109 1,0030 1,0018 
90 ,~285 ,1?J95 1,b123 1,0031~ 1,0021 

ZOO ,~313 .17197 1,E138 1,oo38 1,o0~ 
150 , ~ 5 9  .1721o 1,E2.1.2 Z . o o 5 6  Z,ooEZ 
200 ,26606 ,17223 1,~'~87 1,0073 1,0062 
250 .~75~ ,17236 1.E362 1,0090 1,008b 
303 .2E9o2 ,17~9 1,/~37 1,OLO7 1,OLO7 
boo .25201 .17276 i.~587 1.0~3? 1,o16o 

• 25.c~1~ ,17303 l . )47bO 1 .0Z65  1.0223 
6o0 o25809 .17331 1.b892 1,0191 1,0293 
7o0 ,2611~ ,17359 1,.~363 1,0213 1,0370 
800 ,26621 ,17387 1,5196 1,0233 1,0~58 
900 ,26729 ,17~.16 lo5367 1,025;0 1,0552~ 

1000 ,27032 ,17]~6 1,5~95 1,0263 1,0657 
1200 .~633 ,175~6 1,5"785 1.0282 1,0888 
15o0 ,28..~ ,17598 1,63.97 1,o288 1,1295 
2000 .29825 ,1??~7 1,6796 1,o267 1,2%1.9 
2500 .3o959 ,17921 1.7275 1.0171 1.32-~ 
3000 .31930 .18096 1.761~5 1,0122 1.1;307 

j 

1.0000 
,9999 
o9998 
.9998 
.9997 
,9996 
.9996 
.9995 
.9992 
.9989 
.9985 
.9982 
,9976 
,9969 
.9963 
.9956 
,9950 
.99~3 
,9937 
.9905 
,98?3 
,98E1 
,98O9 
,97~7 
.9685 
,9623 
,9563 
,950b 
.91~5 
.9388 
.92?6 
.9118 
.888o 
.8672 
.8k89 

K 

1,0000 
,9998 
.9996 
.9995 
.9992 
.9991 
.9989 
,9987 
.9977 
.9968 
,9958 
.991~9 
,9931 
,99J3 
.9893 
, 9 ~ ,  
.9857 
.9838 
.9819 
.9'728 
.963? 
.9~7 
.91~58 
.928~ 
.93,,~ 
.89J~9 
.8788 
.8632 
.8E80 
,8333 
.8o~ 
,7662 
,7090 
.6587 
.6o9E 

L 

,9999 
.9999 

1.0000 
1.0000 
1.0000 
1.0061 
1.0001 
1.0001 
1,0002 
1.000~ 
1.0005 
1.0006 
1.0009 
1.0012 
1,C01~ 
1.0017 
1o0020 
1 .OO23 
1.0025 
1,OOEO 
1,0055 
1o0073. 
1.0086 
1,0121 
1.o~8 
1.o197 
1,0239 
1.0283 
1.03,29 
1.03?9 
1 . 0 ~  
1.0660 
1.0990 
I.~37 
1.1638 

1.0001 
1.0000 
.9998 
.~ 
.9995 
.~ 
.9992 
.9991 
.~ 
.99?6 
.~ 
.~ 

,~32 
,991~ 
,9901 
, ~  
.9~2 
.9856 
.9782 
.9?07 
.~33 
.9559 
.9~C 
,9265 
.~20 
.8976 
,883) 
.8692 
.8552 
.8~8 
.7882 
,72~ 
, ~  
,6168 

% 



~ ~ t , ~ , e  525~t 

P % ~ T plop z a ,r z z/r  

.21~9 .z72~ l.kt91 1 . o 0 ~ 0  m.oo~ .9918 .91'S8 1.00b2 .9797 
200 .2~;62 .1722~; 1.J4260 1 . 0 0 5 3  1.00~ .9890 .9676 1.00S8 .9727 
2~0 .3693 .17235 1.U27 1.0065 i.O]lO .9£3 .9S9S 1,007/~ .96~ 
3oo .2E825 .172E6 1 . E 3 9 5  1 . 0 o 7 6  1.o139 .9836 .95~_6 1.o091 .9588 
bOO .2~)96 .17268 1.E533 1.0097 1,0203 .978:L .9359 1,012S .9E50 

,25362 .17290 1 , ~ 6 6 9  1 , 0 1 3 5  1.0272 ,9728 .9207 1.0163 ,9312 
600 ,25631 ,17312 1 . ~ 8 0 S  1 , 0 1 3 1  1.03~8 .967~; .9058 1,0202 .9177 
7o0 ,2~903 .i7335 1.E9~3 1.01~ i.ok35 .9623 .8913 1.o2~ .9o~ 
800 .2617E .17358 1 . 5 0 7 9  1 . 0 1 5 5  1,0527 ,9572 .8773 1,0287 ,8909 
900 ,26~2 .17~382 1 . 5 2 1 2  1 , 0 1 6 ~  :L,O62S .9522 .863~; 1,03)2 .8777 

1000 .26709 .17~0~; 1 .~ ;3~6 1 , 0 1 7 0  1,0731 .9~T3 .8~;02 1,0380 ,86E6 
Z200 .2?SINS .Z?~Sm Z.~605 Z.OZ?m i.096~ .937S .82~8 1.~S2 .8~90 
1500 .2T998 .17E;27 1.E;971; 1 , o 1 6 1  1.1365 .921~ .7893 1.o668 .8o21 
2OO0 .29163 .2.76~3 1 . 6 5 2 0  1 . (X)97  1.2159 .9060 .7372 ]..09~6 .Tla~ 
2~oo .3027? .17783 1.697o .9997 ].3o91- .886E .6~? 1.1285 .6915 
3ooo .31OE? .179Z6 1.7329 .9896 1.~t67 ,8711 .6E93 I,I(~0 .6E26 

I ~ ~ l  ~ m ~ " ~ m  



P 

1.0 
1.5 
2°0 
2.5 
3.0 
6.0 
~.0 
6.0 
7.0 
8.0 
9.0 

10 
25 
2O 
25 
3O 
bO 

6O 
7O 
8O 
9O 

100 

200 
2~ 
3oo 
6oo 
Coo 
6oo 
7oo 
8oo 
9oo 

lOOO 

20O0 
2500 
3ooo 
6ooo 

.260~6 

.~058 

.26059 

.~o6O 

.26o63 

.26o6,'; 

.26o68 

.26o7o 

.25o72 

.26o75 

.~o77 

.26o88 

.2Pn~ 
, ~ l u  
.21~122 

.26191 

.2~259 

.2~282 

. ~ 3 ~  

.265"12 

.2/4628 

.~763 
,~975 
,25207 
.25639 
.2~67o 
,259oo 
,26128 
.26353 
,27101 
.28398 
.29235 
.29963 
.)1o~ 

c~ 

.ITL98 

.17198 

.17198 

.I7198 

.17199 

.17199 

.IT199 

.17199 
,1T199 
,IT199 
,172oo 
.172OO 
,17201 
.17201 
,17202 
.17203 
,17205 
.17207 
.17208 
,17210 
,17212 
,17213 
.17225 
,172~ 
,17233 
,172~1 
,17250 
,17268 
,17286 
,173O5 
.17323 
,173~2 
.173~ 
.17381 
.17579 
o17581 
.17685 
.1779O 
.18009 

Temperature 550"R 

Y P/oP Z 

1.3988 1.0000 ,9991 
1.3988 1.00oo .9991 
1.3989 1.00o0 .9991 
1.3989 1.0000 .9992 
1,3~)O 1.0001 ,9902 
1,3991_. 1,0001 ,9992 
1,3993 1,O(X)I ,~)93 
1.3996 1.00ol .9993 
1.3995 1.OOOl .9996 
1.3996 1,0002 .9996 
1.3997 1,0002 .9996 
1.3998 1.0002 .9995 
1.6oo6 1.ooo3 .9997 
1.hozo 1.00o~ 1.00oo 
1.6o16 1.coos 1.0002 
1,6022 1,0006 1,O(X~ 
1.6o~ 1.ooo8 ,~ 1.ooo9 
1.6~6 1.001o 1.oo13 
1.6o58 1.oo12 ~ 1.oo18 
1.It070 1.0013 1.0023 
1,6081 1.0025 ~?~ 1,OO28 
1.6o93 1.oo17 1.0o33 
1.1~o~ 1.ooz9,?? ~1 1.oo38 
].lU~5 1.oo28 m.ooe~ 
1,622~ 1,oo36 ~ ~ ~ 1,0092 
] J~28~ 2..0063 1.o3.2.2 
1.A3~ 1.oo51 1.o152 
1.h563 1.0063 ,,H.~ 1.0219 
1.6582 1.0076 1.0291 
1.h701 1.0082 ~/h? 1.O37O 
1.682.8 1.0088, q ?/~ i.o~55 
1.6935 1.0092, ?~? 1.0~6 
1.5o5o 1.oo96 ~o? 1 .o~3 
1.5163 1.0096. ¢~o~ 1.0767 
1.~696 1.oo6o ,t,94o m.X3~o 
1.6153 .9978/, oo,~Z 1.2085 
1,6531 ,9862/.o~ 1,293~ 
1,6832 .9729/~;~ 1,3886 
1.72L~ .95o~ ~ ~;~1.63.t8 

J 

1.OOO2 
1,OOO2 
1,OOO2 
1,0002 
1,0OO2 
I,OOO1 
I,OOO1 
I,OOOO 
1,0000 
.9999 
.9999 
.9998 
.9996 
.P993 
.9991 
,9988 
.9983 
.9978 
.9973 
,9969 
.99~ 
.9959 
.99~ 
,9930 
.9905 
.9881 
.9858 
.9811 
.97~ 
,9719 
.9676 
.9630 
,9586 
.95~ 
.9366 
,9172 
.~K)22 
.8893 
.8689 

K 

I,OO10 
1,OO10 
1,O009 
1,00OE 
1,O007 
1.0006 
l.OOOk 
1,0003 
i,OOO1 
1,O000 

. ~ 8  

.9997 

.9989 

.9981 

.9976 

.9966 

.99~I 

.9936 

.gYao 

.99O5 

.989O 

.9875 

.9860 

.9785 

.9712 

.9639 

.9567 

.9625 

.9287 
,9253 
.9O21 
.8896 
.8769 
.8668 
.8O93 
.7615 
.7200 
.0829 
.6125 

L 

.9997 
,9998 
.9998 
.9998 
.9998 
.9998 
,9999 
.9999 
.9999 
.9999 

1.0000 
1,0000 
1,O00l 
1.0003 
1.000E 
1.0006 
1.0009 
1.0012 
1.0025 
1.0018 
1,0021 
1,0026 
1.OO27 
1.0063 
1.0060 
1,OO76 
1,0093 
1,O129 
1,O167 
1.0206 
1.02~7 
1.0290 
1.o3~ 
1,O381 
i,O636 
1,O926 
1,1239 
1.1558 
1,2110 

E# 
1,OOli 
1,0010 
1.OOO9 
1.0OO9 
1.OO08 
1.OOO7 
1.0005 
1.0OO~ 
1,OOO3 
I,OOO1 
1,00OO 
.99~ 
.9992 
.9985 
.9979 
,9972 
.,9959 
,9965 
,9932 
.PgJ9 
.~05 
,9892 
,9679 
,9812 
.9767 
.9681 

.9k85 

.9356 
,9228 
.91Ol 
,8976 
,8852 
.8729 
.83~2 
.7598 
,7100 
.661~ 
.5821 



T~rature 575"a 

p op Y pap z a lc L 

10 .2~092 .17216 1 . 3 9 9 3  1.0001 .9993 1.0000 1.0002 .9999 
15 .2h102 .17217 1 . 3 9 9 9  1.0002 .9995 .9998 .9995 1.0001 
20 ,2Ll12 ,17218 1 ,~0014 1,0002 ,9998 ,9995 .9989 1,0003 
2S ,?.k122 ,17219 lo~010 1,0003 1,0001 ,9993 ,9981 lo0(0  
3O .2~33 .17219 1 . ~ 0 1 5  1.000~ 1.0003 .9991 .997~ 1.0005 
~,0 .2~53 .17221 1 . L 0 2 6  1 . 0 0 0 5  1.0009 .9987 .9960 1.0008 
50 .2J417b .17222 1 . ~ 0 3 6  1.00o6 1.oo~ .9982 .99~6 1.oo12 
60 .21~19~ .1722~ 1.kO~7 1,0007 1.0020 ,9978 ,993~ 1,001~ 
70 .2~215 .17225 1,~058 1.0008 1,0025 ,997J4 .9920 1.0018 
80 .21~236 ,17226 1,14069 1.0009 1.0031 .9970 .9906 1,0021 
90 .2~256 ,17228 1.~079 1 , 0 0 1 1  1.00)5 .9965 .9891 1.002~ 

100 .21~276 ,17229 1,~OSK) 1,0012 1.00E1 .9961 .9878 1,o027 
15o .~38o .17237 I.L~]~ 1.0017 1.00TI .99~0 .9810 i.o01~ 
200 .21~83 ,172~ 1 , E 1 9 8  1.0022 1,0101 .9919 ,9763 1,0060 
250 .2k586 ,1725"J.. 1,L.252 1,0026 1,013~ .9898 ,96T7 l,OOT7 
3oo .2~691 .17259 1 . E 3 0 6  1 . 0 0 3 0  1.0167 .9877 .9611 1.oog/r 
~00 .?~898 .17273 i.~ 1.0036 1.0239 .9836 .9b82 1.0131 
50o .25J0~ .17289 1 . ~ 5 2 0  1.OOhO 1.0313 .9'795 .9357 1.0168 
600 .25309 .173Oh 1.~626 l.OOh2 1.0395 .9756 .92~ 1.0208 
700 .25513 .17319 1, /4731 1,00/42 1,0~82 . ~TTJ..T .9~5 1,O2~9 
800 ,25'717 .17335 1 . ~ 8 3 5  1.00~ 1.0575 .9678 .8998 1.0290 
900 .25916 .17351 1,E936 1.0037 1,0672 .96hi .8885 1.033h~ 

100o " .26112 ,17366 1 , 5 0 3 6  1,0032 I.O77~ ,96o~ ,877~ 1,0379 
15o0 .27059 ,17~7 1,5509 .9978 1.1362 .9h33 .8265 1.062E 
2000 .27910 .17531 1.5920 .9883 1.2061 ,9283 .782~ 1.0899 
2500 ,28650 ,1761~ 1,6265 .F757 1,2858 ,9~3 ,7/~2 1,13.97 
3000 .29277 ,17700 1,65~l .9608 1,3729 ,90~3 ,7109 1 , ~  
~000 ,3O25]. .17867 1.693.1 .9265 1.565]. .8875 .656E - 1.216o 

g/g 

1.0003 
.99~ 
.~291 

,99?8 
.996S 
.~2~2 
.~0 
.~28 

.9902 

.9889 

.9826 

.9766 

.9702 

.9660 

.95'16 

.939~ 

.9273 

.~53 

.9o35 

.8917 

.8802 

.82117 
,7733 
.7261 
.6830 
.6081 



P 

7.0 
8.0 
9.0 

10 
15 
20 
25 
3o 
ho 
5O 
6o 
7o 
8o 
9o 

lOO 
z5O 
2O0 
25o 
3oo 
~oo 

6oo 
7oo 
8oo 
9oo 

lOOO 
15o0 
2OO0 
2~oo 
3ooo 
~ooo 

% 
.2hzoh 
. ~ 6  
.2hio8 
.2h32o 
.2h329 
.21d.28 
.2h138 
.2h2h7 
.2h266 
.2hiSh 
.2h2o3 
,21t222 
.2h2hl 
.21,258 
.2It277 
.2t~371 
.21~6h 
.2~57 
.2h653 
.2h836 
.2~21 
.25203 
.e538h 
.~5~66 
.257hh 
.25921 
.26758 
.~7~-~ 
.28170 
.~873h 
.296OI 

Cv 

.17236 
,17236 
.17236 
.17236 
.17237 
.17237 
.17238 
.17239 
.172h0 
.172h1 
.172h2 
.172h3 
.172h5 
.i72h6 
.172h7 
.17253 
.17259 
.17265 
.17272 
,1728h 
.17297 
.17310 
.17322 
.17335 
.173h9 
.17362 
.17h29 
.17h98 
.17~7 
.17637 
.17771 

F 
2/~ r 

1' 

1.3985 
1.3986 
1.3987 
1.3988 
1.3993 
1.3998 
1.hoo3 
1.hoot 
1.~o17 
1.h027 
1.ho37 
1.ho~? 
] .ho57 
1.h066 
1.hcrt6 
1 .h126 
1.~75 
1.h224 
I .h273 
1 .h369 
1 .EE66 
1 .h56O 
i .h65~ 
i.hTh8 
1.h839 
1.E93o 
1.5353 
1.5"722 
1.6036 
1.6292 
1.6657 

£ 

,,~7 
• ". ~ ~ -2- 

Temperatur~ 6OO°R 

",~/oP I "- 2~ ,7 
1.OOOO .9988 -r 1,0003 
1.OOOl .9989 1.0002 
1.0OOl .9989 1.0002 
1.0001 .999O 1.oo01 
1.ooOl .9993 1.oooo 
1.OOOl .9996 ,9998 
1.0002 ,9999 .9996 
1,0002 1.0002 .999h 
1.0002 1.0008 .999O 
1.ooo3 1.oo13 .9986 
1.oooh 1.oo19 .9983 
1.ooolt 1.oo25 .9979 
1,OO05 1.0032 .9975 
1.ooo5 1.oo37 .9971 
1.ooo6 1.ooh3 .9967 
1,00o8 1.o076 .99h9 
1.OOLO 1.03.09 .993O 
1.OO32 1.0~3 .99~ 
1.oo12 1.o178 .989h 
1,o013 1,0252 .9858 
1.0012 1.0331 .9822 
l.oo09 1.0~I~ .9788 
1.oooh 1.o~2 .975% 

.9998 1.o59f .9720 

.9991 1.0692 .9688 

.99B1 1.o79h .96S6 
,9911 1.1368 .9507 
.9807 1.2039 .9377 
.967~ 1.2792 .9265 
.9528 1.3608 .917o 
.9129 1.535o ,9028 

p a ' , ~  t - / e ' , e /  

J /o 

K 

1.OO13 
1.OO10 
1.0009 
1.OO08 
1.0002 

.9996 

.9989 

.9983 

.9971 

.9958 

.99h~ 

.9933 

.9920 

.9908 

.989h 

.9833 

.9772 

.9711 

.9651 

.9533 

.9~8 

.9307 

.9188 

.9O9O 

.8986 

.8885 

.81~6 
,80o7 
.7652 
.73h6 
,6888 

L 

.9997 

.9997 

.9997 

.9998 

.9999 
1.Oool 
1,,ooo2 
1.oooh 
1.ooo8 
1.oozl 
1.oolh 
1.oo17 
1.oo2o 
1.oo2h 
1.0021' 
1.00~3 
1.0060 
1.0078 
m.0o95 
1.o331 
1 .OLS6 
1.o2o8 
1.o2h9 
1.0290 
1.0332 
1.0376 
1.0613 
1.o875 
1.13~7 
1.~58 
1.~213 

z# 
I.OO13 
1.0013 
1o0010 
I.OOO9 
1.0003 

.~)85 

.9973 

. ~  

.99h8 

.9937 

.9925 

.9923 

.9900 

.98hl 

.9781 
,9722 
.9663 
.95h6 
.9h30 
.9315 
.9201 
.9089 
.8978 
.8868 
.83hl 
,7852 
.?ho3 
.6992 
.6288 



P 7 

Tm~attu~ 650~R 

P/oP z J K L 

io ,317~ ,1730~ L39TI 1,0000 ,9980 ].,0006 ioO027 ,999h 1,0027 
i~ ,3i82 ,17303 1,3976 i,oooo .998~ i,oooS i,0022 ,9995 1,0021 
20 .~9o ,i73o~ 1,3979 .~)99 .99~ i,ooo3 i,ooi7 .~)8 i,ooi6 
25 .2Li96 ,I73o~ i,3983 ,9999 ,999o i,ooo2 i.ooli ,9999 i,oolo 
30 ,~o5 ,IDo5 i.3987 .9999 .9993 i,oooi i,ooo6 i,oooo i.ooo~ 
ho ,2h2i9 ,173o5 1,3995 .~99 ,9999 .9998 o9995 i,OOO~ .999~ 
So ,2~236 .i7306 i,Eoo~ .9998 i.oo06 ,9995 .9985 1,00o7 ,9983 
60 .2~252 .173o7 1.ho]3 .9998 1.0013 .9992 .997h 1.001o .9972 
70 .2~267 .17308 l,h021 .9998 1.0020 .9989 .996b, 1.0013 .996Z 
80 ,2h282 ,173o9 1,h029 .90(0 1.0027 .9986 ,90~2 1.0017 ,99h9 
90 .2~298 ,i73i0 i,h037 .~ ;7  i,oo33 ,9983 .99h2 1.0020 ,9939 

]O0 • ~313 , i73]-Z i ,  bob5 .9996 i ,  OObO • 9980 • 993i i .  0o2~ ,9928 
15o .26392 .17315 I.b087 ,999b 1.0075 .9965 .9879 1 . ~  ,9873 
200 ,2~68 ,17320 I ,~27 .9991 1.0].11 .9951 .9827 1,o057 ,9819 
250 ,2~5~6 ,1732h i ,~69 ,9988 1,oz~8 ,9937 .97?6 1,o075 ,9765 
300 ,2~622 ,17329 I,~209 ,9985 i°0i86 ;9923 ,,9725 1.o093 ,gTn 
/~00 .2~775 ,17337 1.~290 ,9977 1.026l~ .9895 ,9026 1,0129 ;960/4 
500 ,2J~926 .17~7 1.E369 ,9968 1.031/47 ,9867 .9529 1.0166 .9h98 
600 .2~77 ,i7356 I J ~ 9  ,9958 1,0~33 ,98~z ,9~33 1,0205 ,939~ 
700 ,2522~ .17365 1.h526 .9950 1.0522 ,98]~ .9336 1.02~0 ,9289 
800 ,25372 ,1737~ I,~603 ,993~ 1,o616 ,9789 .92h9 1,028~ .9Z87 
90O ,255Z~ ,i7383 i,~678 ,9920 1,0712 ,976~ .9Z60 1,0325 ,9087 

]~)OO ,25658 ,17393 1,E752 ,990~ 1,0812 ,97~0 ,907E I,0367 ,8987 
15o0 ,26332 ,17~0 1,5099 .98]I 1,1362 ,9626 ,867Z I,0588 ,8507 
2000 .269/~o .17~89 1.51~0/~ .9693 1.]98~ .9528 .8316 1.0828 .8060 
2~0 ,27h76 ,i7537 ],5667 ,955h 1,2670 ,9~3 ,800~ 1,108~ .76~7 
3O0O .27939 ,i7586 i,5887 ,9396 i,3~03 ,9372 .773/~ i,z356 ,7267 
~000 ,28672 ,i7679 i,62Z8 ,9oo8 1,~9~Z ,9266 ,73~Z 1,1980 ,6633 



P %, c,, 7 

Temperature 700*R 

# K L 

1.O ,2~207 .17350 1,3952 1.0000 .9966 1.0013 1,0053 ,9987 1,0053 
1,5 .24208 ,17350 1,3953 1,0000 .9967 1,0013 1,0053 ,9987 1,0052 
2.0 ,24209 .17350 1.3953 1,0000 ,9967 1,0013 1,0052 ,9987 1,0052 
2,5 .24210 ,17350 1,3953 1.0000 ,9967 1,0013 1,0052 ,9988 1,005"1 
3.0 .2421o .173~ 1.39~ 1.oooo .~68 1.0013 1.0o51 .9988 1.oo~ 
4.0 .24211 .173~ 1.3954 1.0000 .9968 1.0012 1.oo5o .9988 1.oo5o 
5,0 ,24213 ,17350 1,3955 1.0000 ,9969 1,0012 i,ooh9 ,9988 1,0oh9 
6.0 ,2h214 .1735o 1.3956 .9999 ,997o I,OO12 I,OO48 ,9989 1,oo48 
7.0 ,24215 ,17350 1.3957 ,9999 .997o 1,oo12 1,oo48 ,9989 1,oo47 
8.0 ,24217 .17352 1,3957 ,9999 ,9971 1,oo3.1 1,ooh7 ,9989 1.o046 
9,o ,24218 .17352 1,3958 ,9999 ,9972 I,OOli 1,oo46 ,999o 1,oo45 

IO ,24219 .173~I 1.3959 .9999 ,9972 I,OOli I.OO45 .9990 1,00~ 
15 .24226 .1735'1 1.3962 .9999 .9976 1.0010 1.0040 .9992 1.0039 
20 ,24232 ,17352 1,3966 ,9998 ,9980 1.0009 1,0036 .9993 1,003h 
25 .2h239 ,17352 1,3969 .9998 .9983 1,0007 1.003i ,9995 1.0029 
30 .24246 .17352 1.3973 .9997 .9987 1.0006 1.0026 .9997 1.0023 
4o .24259 .17353 1.3980 .9996 .9994 1.00oh 1.oo17 1.0000 1.oo13 
50 .24272 ,17353 1,3987 ,9995 1,0001 1,0002 1.0008 1.0003 1,0003 
60 .24285 ,1735~ 1,3994 ,9994 1,OOO8 ,9999 .9999 1.OO07 ,9993 
70 .2h298 .17355 1,4001 .9993 1,0015 .9997 .9990 1.0010 ,9983 
80 .24312 .17355 1.4008 .9992 1.0023 .9995 .9981 1.0o13 ,,9973 
90 ,24325 ,17356 1,4015 .9991 1,0030 ,9992 .9972 1,0017 ,9963 

100 .24338 .17356 1.4022 .9990 1.oo37 .9990 .9963 1.o020 .9952 
15o ,24403 ,17360 1,4057 ,9984 1,o074 ,9979 ,9918 1,0037 .9902 
200 .2h468 .17363 1,4092 ,9978 1,0112 .9967 .9873 1,0054 ,9852 
25;0 .24533 .17366 1.4.127 .9972 1.0151 .9956 .9829 1.0072 .9802 
300 ,24598 .17370 1,4162 ,9966 1,0190 ,9945 ,9786 1,o090 ,9752 
400 ,2h726 ,17376 1,4230 .9952 1,o271 ,9924 ,9700 1,0125 .965~ 

.24853 .17383 1.4297 .9938 1.0355 .9902 .9616 1.0162 .9556 
600 .24977 .17389 1.4364 .9922 1.0442 .9882 .9~34 1.0199 .9400 
700 .25102 .17396 1.~4429 .9905 1.0532 .9861 .945~ 1.0237 .9365 
800 ,25224 ,17403 I,hh94 ,9888 1,0624 ,98h2 ,9376 1,0276 ,9271 
900 ,2531~ .17~10 1.4557 .9870 1.0720 .9822 .9299 1.0315 .9178 

1000 .25~62 .17417 1.~619 .98~ 1.0818 .9803 .9224 1.0356 .9086 
15OO ,26021 .17452 1,4910 ,97hi 1,13h6 ,9716 ,8873 1,0565 ,86hb 
2000 .26526 .17487 1.5"169 .9615 1.1931 .961~ .8561 1,0788 .8231 
2500 ,26974 ,17522 1,5395 ,9474 1,2565 .9577 ,8283 I,IO21 ,7848 
3000 .27~469 .17557 1.5588 .932o 1.3238 .9523 .8039 1.1267 .7493 
4000 ,28005 ,17625 1,5889 ,896b 1,46~O ,9hI~ .7663 1.1812 ,6870 



Temperature 750eR 

P % %" • P/oP T a x L S #  

10 .24294 .17428 1.39340 .9999 .9960 1.0017 1.0072 .9985 1,0070 
15 .2~3o2 .171~29 1.39~3 .9~38 .9963 1.oo16 1.oe67 .9986 :]..o06~ 
20 .2~06 .171~29 m.391~6 .9997 .9967 1.oo16 1.oo63 .9987 1.oo60 
25; .24~%3 .17429 1.3950 .9996 .9971 1.0o15 1.00~9 .9989 1.0055; 
~0 .2h317 .17429 1.3952 .9996 .9975 l.O0]J~ 1.0055; .9991 1.00~i 
hO .2h33o .17430 1.395;9 .999h .9983 1.oo12 1.ooh7 .9991t 1.oohl 
50 .2h3ho .17h30 1.396h .9993 ,9989 1.0010 l.OOhO .9998 1.0032 
60 .2435;2 .17431 1.3971 .9991 .9997 1.0008 1.0031 1.0001 1,0022 
70 .24363 .171t31 1.3977 .9989 1.ooo5 1.0oo6 1.oo2h 1 . o o o 5 ;  1.oo13 
80 .243?5 .17h32 1.3983 .9988 1.oo13 1.ooo5; 1 . o o 1 5  1.ooo7 1.ooo3 
90 .2h385 .17432 1.3989 .9986 1.0020 1.0003 1.0oo8 1.o011 .999h 

lO0 .24397 .17433 1.3995 .9985; 1.0027 1.00Ol .9999 1.00]~ .998h 
150 .2hh52 .17h35 1.4025; .9977 1.0066 .9992 .9961 1.o031 .9938 
200 .2h51o .17h38 1.1to5;6 .9969 1.o105 .9983 .9922 1.ooh8 .9891 
250 .21t.,;65; .17hlto 1.1to85; .996o 1.o~5 .9971t .988h 1.o066 .98h~; 
300 .24620 .17bit3 1.1,115 .995;2 1.o18h .9966 .98h6 1.oo82 .9799 
boo .24728 .17~t8 1.h172 .9934 1.0266 .99h9 .9772 1.0118 .9707 
500 .2h838 .1745;3 1.4231 .9915; 1.0350 .9932 .9698 1.o1~ .9616 
600 .249hh .1745;8 1.4288 .9896 1.oh38 .9916 .9627 1.0190 .95;27 
700 .25051 .17h63 1.4345 .9876 1.05;27 .9900 .9557 1.0227 .9h39 
800 .2~-5;3 .171t68 1.h399 .985;5 1.06.3.7 .9885; .9h89 1.0265 .9351 
90o .25;25;3 .17473 1.hit53 .983h 1.07]/ .987o .9421 1.o3o3 .9265 

1000 .25;35;2 .17h78 1.4505 .9832 1.0807 .985;5; .935;5 1.0341 .9179 
1500 .25829 .175;0h 1.h756 .9693 1.1316 .9789 .90h7 1.051tO .8769 
2000 .2625;7 .175;30 1.4978 .9 .~  1.1869 .9731 .8769 1.07h8 .838h 
2500 .266h0 .175;57 1.5173 .9h19 1.2h62 .9683 .8520 1.0965 .8029 
3000 .26980 .175;83 1.5;3h/t .9269 1.3085: .961t3 .8296 1.13.89 .7690 
bOO0 .275hl .1763~t 1..qxl8 .891t3 1.h396 .958h .7932 1.1667- .7o91~ 



T a ~ r a t u r e  800°R 

p % c, ¥ par, i , • z z/F 

• 10  ,.24386 .17520 1.3919 ,,.9998 .9946 1.002S 1.0104 .9977 1.0102 
]5 .24391 .17521 1.3921 .~97 .~25o 1.0024 1.01Ol .9979 1.0098 
20 .24396 .17521 1.3924 .9996 .9953 1.0024 1.0097 .9980 1.0093 
25 .24401 .17~21 1.3927 .999~ .99S7 1.002,3 1.009J4 .9982 1.0089 
30 .2]~o7 .17521 1.3930 .9994 .9961 1.0022 1.o091 .9984 1.0085 
40 .2~416 .17522 1.3934 .9993 .9968 1.0021 1.0084 .9987 1.0076 
,q) .24425 .17522 1.3940 .9991 .9976 1,0019 1.0076 .9990 1.0067 
60 .24435 .17522 1.394S .9989 .9984 1.0018 1.0069 .9992 1.0058 
7o .24444 .17523 1.3950 .9987 .9991 1.0017 1.0062 .9996 1.0049 
80 .24455 .1752.3 1.3955 .9985 .9998 1.o015 1 . 0 0 5 5  1.00o0 1.0o4o 
90 .2~465 .17523 1.3962 .~)83 1.0007 1.00~4 1.0049 1.0003 1.0032 

100 .24475 .17524 1.3967 .998, 1.o0].4 1.0012 1.0042 1.0007 1.00.23 
15o .24524 .17526 1.399,3 .9971 1.0053 1.o00E; 1 . 0 0 0 7  1.o024 .9978 
200 .245'72 .17528 1.4019 .9962 1.o093 .9998 .9973 1.0o40 .9935 
2q) .24621 .1753o 1.4o45 .9952 1.0132 .9992 .99h0 1.0057 .9891 
300 .24669 .17531 1.4072 .9941 1.0173 .9985 .9906 1.0074 .98~8 
400 °24761 °17535 1.4121 .9921 1.0253 .gFTJ .9841 1.0109 ,;9762 
500 °24855 .17539 1.4171 .9899 1.0338 .9959 .9777 1.0144 .9678 
6oo .24948 .175~3 1.4221 .9877. 1.o425 .9946 .9714 1.0179 .959~ 
700 .25039 .17547 1.4270 .9855 1.05"13 .9934 .9652 1.0215 .9512 
800 .25128 .17551 1.4317 .9832 1.0601 .9922 .9591 1.0251 .9430 
900 .25215 .1755S 1.436.3 .9808 1.069.3 .9910 .95.32 1.0288 . 9 ~ 9  

1000 .25.302 .17559 1.4410 .9784 1.O787 .9899 .gbTh 1.032S .9269 
15oo .257o9 .17578 1.4626 .9658 1,1276 .9~8 .9199 1.o5"J4 .8884 
2000 .26O79 .17598 1.4819 .952.3 1.1802 .98O4 .8950 1.0711 .8522 
25oo .26411 .17618 1.4991 .9.380. 1.2.360 .9768 .8724 1.0913 .8 ]~ 
3000 .26711 .176.38 1.5144 .9234 1.2945 .9739 .8520 1.1120 .7867 
4000 .2721E .176T7 1.5.395 .8929 1.4169 .9697 .8171 1.15~8 .7296 



P c, ¥ 

Teaperature 850"R 

p/o p I J K L z/z, 
1.0 ,21~82 ,17625 1,3890 1,0000 ,9922 1,0036 1,0150 ,996h 1,0]$0 
1.5; ,2hh82 .17625 1,5891 1,0000 ,9923 1,0035; 1,0150 ,9965 1,015;0 
2.0 .2~83 .17625 1.3891 1.ooo0 .9923 1.0035 1.o15o .~66 1,Olb9 
2.5 .2~8) .17625 1.3891 1.0000 .9923 1.0035 1.0150 .9966 1.o11.9 
3,0 ,21.h81. ,17625; 1,3891 ,9999 ,992h 1,0035 1,01h9 ,9966 1,0]Jt8 
h.o .2~85 .17625; 1.3892 .9999 .992h 1.0035 1.olh9 .9966 1.01~8 
5;.o ,21.h85 ,17625; 1,3892 .9999 ,9925; 1,0035; 1.01h8 ,9966 1,011t7 
6,0 ,~h86 .17625; 1,3893 ,9999 .9926 1,0035 1,01~7 ,9966 1,01~6 
7.0 .21*h87 .17625; 1.3893 .9999 .9927 1.0035 1.01h7 ,9967 1.Olh5 
8.o .2hh87 .17625; 1.3893 .9998 .9927 1.0035 1.011.6 .9967 1.011.h 
9.0 ,.~88 ,17625; 1.389h .9998 .9928 1,o035 1,01~6 .9967 1,oI~ 

10 .21.h89 .17625; 1.389h .9998 .9928 1.003h 1.0~5; .9968 1.01h3 
15; .2hh93 .17625; 1.3897 .9997 .9932 1.003h 1.01h2 .9969 1.0139 
20 .2~98 .17626 1.3899 .9996 .9937 1.0033 1.0138 .9971 l.O13E 
25; ,2h502 ,17626 1,3901 .;9995 ,99h0 1,0033 1,0135 ,9972 1.0130 
30 .2h506 .17626 1.3903 .9991. .99h1. 1.0032 1.0132 .997h 1.0126 
hO .2h516 ,17626 1.3909 .9991 ,9952 1,0031 1.0127 ,9978 1,01.18 
50 .2h523 .17626 1.3913 .9989 .9960 1.0030 1.o.121 .9981 1.0110 
60 ,2h5;35; ,17627 1,39~9 ,9987 .9967 1,0029 1,0113 ,998h 1,010o 
7o .2hSh2 .17627 1.3923 .998S .9975 1.0028 1.0107 .9987 1,0092 
80 .2h5;50 .17627 1.3927 .9983 .9983 1.0027 1.0101 .9990 1.008h 
90 ,2h5;60 ,17628 1,~932 ,9981 ,9990 1,o026 1,0096 .9993 1,0076 

lOO .2h5;67 .17628 1.3936 .9979 .9997 1.0025; 1.0089 .9997 1.0067 
150 ,2h609 ,17629 1,3959 ,9968 1 , 0 0 3 7  1,0019 1,0060 1,0o11. 1,0027 
20O ,2h653 ,17631 1.3983 .9956 1 . 0 0 7 7  1.0013 1.0029 1,0031 .9985 
250 .~696 .17632 1.h006 .991.5 1.0116 1.0008 .9999 1.00E7 .99~ 
3oo .2h7+35; .1763h 1.1.0,27 .993h 1.015:5 1,0003 .997o 1.0061t .990h 
1.0o .2h819 .17637 1.1.072 .9911 1.0237 .9993 ,991.l 1.0097 .9823 
500 .~900 .176~0 1~1.116 .9888 1.0321 .9982 .9855 1.0132 ,gTEh 
6oo .2h98o .176h3 1./d$9 .9861. 1.oh06 .9973 .9798 1,o166 .9665 
700 .2506o .176h6 1.h202 .9839 1.oh92 .9963 .971.h 1.O2Ol .9587 
800 ,25138 ,176h9 1,1.21.3 ,9815 1.o58o .905~t ,9689 1,0236 ,9.¢J0 
900 ,25;215; ,1765;2 1,1.285; ,9790 1,0670 ,991.5; .9636 1,o271 ,9~3h 

lO00 .25;289 .1765;'; 1.1.3at .9765 1.075;9 .9937 .9581t 1.0307 ,9358 
150o .25;6h8 .17671 1.hs;~ ,9633 1.1232 .9898 .9338 1.0h88 .8995 
200o .25;968 .17686 1.}1683 .9h96 1.173~3 .9865 .9113 1.0675; .865~h 
2..~30 .2626h .17701 1.1,838 .935;5; 1.2263 .9839 .8907 1.0865; .8333 
3000 ,265;28 .17717 1,h973 ,9211 1,2810 ,9818 ,8719 1,1058 ,8031 
1.o00 .26979 .1771.7 1.5;202 .8920 1.3960 .9791 .8389 1.11.50 ,71.83 



P cv ¥ 

Tu~erature 9OO'R 

P/oP I a K L 

lO .246o5 .17741 1.3869 .9998 .9911 1.oo45 1.o189 .9957 1.o187 
15 .2h6o7 .177hl 1.387o .9997 .~)14 1.oo45 1.o187 .9959 1.o183 
20 .24612 .17741 1.3873 .9995 .9918 1.0044 1.0184 .~61 1.0179 
25 .24616 .17742 1.3874 .9994 .9922 I.OO44 1.0182 .9962 1.o176 
30 .24620 .17742 1.3877 .9993 .9926 1.oo43 1.o179 .9964 1.o172 
40 .24628 .17742 1.3881 .9991 ,9934 i.o043 I.O172 .9966 1,0163 
50 .24636 .17742 1.3886 .9988 .9941 1.oo42 1.0167 .9970 1.0155 
60 .24643 .17742 1.3890 .9986 .9949 1.0041 1.0161 .9973 1.0147 
70 .24651 .177~3 1,3893 .998h .9956 1.00~0 1,0157 .9976 l,OlhO 
80 .24658 .17743 1.3897 .9981 .9964 1.oo39 1.0151 .9980 1.o132 
90 .24666 .17743 1.39o2 .9979 .9973 I.O038 1.o145 .9983 1.0124 

IOO .24673 .17743 1.39o6 .9977 .998o 1.0037 1.0140 .9987 1,0116 
150 .2~7]_I .177~5 1.3926 .9965 I.OO19 1.o033 1.0113 1.0o03 1.0077 
200 .24749 .17746 1.3946 .9953 1.oo57 1.0029 1.0086 1.0019 1.0038 
250 .24787 .17747 1.3967 .99KI 1.0097 1.0025 1.0060 1.0035 1.0000 
300 .24821 .17748 1.3985 .9928 1.0136 1.O021 1.0033 1.0091 .9961 
4oo .24897 .17751 - 1.4o26 .99O4 1.0218 I.O013 .9981 1.o083 .9885 
500 .24968 .17753 1.4064 .9879 1.O299 1.0oo5 .9930 1.0117 .98o9 
600 .25039 .17755 1.41o3 .985~ 1.o383 .9~8 .9880 1.0151 .9735 
7o0 .25108 .17758 1.4139 .9828 1.o467 .999o .9830 1.0184 .9662 
800 .29178 .17760 i.~177 .98o3 1.0552 .9983 .9781 1.0218 .9588 
900 .25246 .17763 1.4213 .9777 1.0639 .9977 .973h 1.0253 .9516 

lOOO .25311 .17765 1.4248 .9750 1.0728 .9970 .9687 1.0287 .9~5 
1500 .25626 .17777 1.4415 .9616 1.1182 .9941 .9465 1.o461 .9101 
20o0 .25913 .17789 1.4567 .9478 1.1664 .9917 .9260 1.0639 .8777 
2500 ,26172 .178Ol 1.4703 .9337 1,2166 ,9899 ,9o72 1.0820 .8470 
3000 .2641o .17813 1.4826 .9195 1.2685 .9885 .8899 1.1002 .8183 
4000 .26816 .17837 1.50~ .8914 1.3765 .9869 .8590 1.1368 .76S7 



Tmperature 950"R 

p C~ G v T P/o p I J K L E/F 

1.0 .2)4725 .17868 1.3837 1.0000 .9884 1.0058 1.0248 • 99)43 1.02)47 
1.5 .2)4725 .17868 1.3838 1.0000 .9885 1.0058 1.02)47 .99)43 1.0247 
2.0 .2)4725 .17868 1.3838 1.0000 .9885 1.0058 1.0247 .99)43 1.0246 
2.5 .~726 .17868 1.3838 .9999 .9885 1.0058 1.0247 .99)43 1.0246 
3.0 .2)4726 .17868 1.3838 .9999 .9886 1.o058 1.o2~6 .99h3 1.O2)46 
h.O .2~727 .17868 1.3839 .9999 .9887 1.0058 1.02)46 .99)43 1.0245 
5.0 .2h727 .17868 1.3839 .9999 .9887 1.0058 1.0245 .991~ 1.02~ 
6.0 .2h728 .17868 1.3839 .9999 .9888 1.0058 1.o2)45 .99~ 1.0243 
7.0 .24729 .17868 1.384o .9998 .9889 1.0058 1.02)45 .99~ 1.o2)43 
8.o .24730 .17868 1.38)40 .9998 .989O 1.0058 1.02~ .99)45 1.0242 
9.0 .24730 .17868 1.38/40 .9998 .989O 1.0058 1.02)43 .9945 1.02lD 

io .24731 .17868 1.3841 .9998 .9891 1.0058 1.02)43 .99)45 1.02~I 
15 .2)473)4 .17868 1.3843 .9996 .9895 1.0057 1.02)41 .99)47 1.0237 
20 .2)4738 .17868 1.3844 .9995 .9899 1.0057 1.0238 .99)48 1.0233 
25 .2)4741 .17868 1.3846 .999)4 .9902 1.0057 1.0236 .9950 1.0229 
30 .247)45 .17869 1.3848 .9993 .99o6 1.0056 1.0233 ,9952 1.o226 
)40 .24752 .17869 1.3852 .9990 .99~ 1.oo56 1.o228 .9955 1.0218 
50 .2)4758 .17869 1.3856 .9988 .9921 1.oo55 1.0223 .9958 1.0211 
6o .~765 .17869 1.3859 .9985 .9929 1.005~ 1.O218 .9961 1.0203 
70 .24772 .17869 1.3863 .9983 .9937 1.oo5~ 1.0213 .996)4 1.0196 
80 .2)4779 .1787o 1.3866 .99B0 .99/~ 1.0053 1.02o8 .996T 1.0188 
90 .2)4785 .17870 1.3870 .9978 .9952 1.0052 1.0203 ,9970 1.O181 

lOO .2)4792 .17870 1.387)4 .9975 .996O 1.0052 1.o199 .997)4 1.0173 
150 .2)4826 .17871 1.3892 .9963 .9998 1.00~8 1.o17)4 .9989 1.0136 
2o0 .2)4859 .17872 1.3910 .9950 1.0037 1.oo)45 1.0150 1.00o5 1.0099 
250 .2)4892 .17873 1.3928 .9937 1.0076 1.0042 1.0126 1.0021 1,o062 
300 .2)4925 .1787)4 1.39)45 .9924 1.o115 1.0039 1.o102 1.0037 1.0026 
)4OO ,24991 .17876 1.3980 .9899 1.019)4 1.0033 1.0055 1.0069 .99~3 
500 .25055 .17878 1.)4015 .9873 1.O275 1.0o27 1.0009 1.0101 .9882 
600 .25118 .17880 1.)40)48 .9847 1.0356 1.0021 .996~ 1.013~ .9811 
700 .25180 .17881 1.)4082 .9820 1,O439 1.0016 .9919 1.0167 .97~I 
800 .752)41 .17883 1.411)4 .979)4 1.o522 1.0011 .9875 1.0199 .9671 
900 .25301 .17885 I.I~6 .9767 1.0607 1.0006 .9832 1.0232 .9603 

1000 ,25360 .17887 1.)4178 .97)40 1.0692 1.0001 .9789 1.0265 ,9535 
1500 .256~1 .17897 1.)4327 .96O4 1.1133 .9980 .9586 1.0433 .9207 
2000 .25897 .179o7 1.E)462 .9)466 1.159)4 .9963 .9399 1.0603 .8897 
25o0 .26131 .17916 1.4585 .9327 1.2o72 .9951 .9226 1.077)4 .8605 
3000 .26345 .17926 I.)4696 .9188 1.2565 .9943 .9O66 I.O9)47 .8329 
)4000 .26716 .179)4'; 1.4888 .891)~ 1.3588 .9936 .8T75 1.1290 .7822 



P 

1.0 
1.5 
2.0 
2.5 
3.0 
h.O 
5.0 
6.0 
7.0 
8.0 
9.0 

10 
15 
20 
25 
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lOO 
15o 
2oo 
2. o 
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6oo 
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lOOO 
]5oo 
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25oo 
30OO 
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cp 

.24859 

.24859 

. 859 

.24860 

.24860 

.248  

.248(n 

.24862 

.~24862 

.24863 

.24864 

.2h8et 

.24867 

.24870 

.24873 

.24876 

. 883 

.24888 

.24894 

.24902 

.249o7 

.24713 
,24920 
.24949 
.24979 
.2~11 
.25040 
.25097 
.251",6 
.25210 
.25266 
.25322 
.25377 
.2..';428 
.25680 
.25910 
.26124 
.26318 
.2(~58 

c, 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18002 

.18003 

.18003 

.18003 

.18003 
• .18003 
.18003 
.1800~ 
.1800~ 
.18005 
.18006 
.18007 
.18008 
.18010 
;18011 
.18013 
.18015 
.18016 
.18018 
.18026 
.18033 
.18041 
.18o49 
.18065 

Y 

1.3809 
1.3809 
1.3809 
1.3809 
1.3810 
1.3810 
• 1.3810 
1.3810 
1.3811 
1.3811 
1.3811 
1,3812 
1.3813 
1.3815 
1.3817 
1.38].8 
1.3822 
1.3824 
1.3828 
1.3832 
1.3835 
1.3838 
1,3~1 
1.3857 
1.3873 
1.3890 
1.3906 
1,3937 
1.3968 
1.3997 
1.4o27 
1.4o56 
1.4086 
1.E113 
1.4246 
1.4368 
1.~8o 
1,4581 
1,4757 

Tmperature IO00"R 

p/oP z 4 K L ,/r 

1,o0oo .9864 1,oo72 1,0308 ,9929 1,o3o8 
1.0oo0 ,98e= 1,oo72 1,o.lo8 .9929 1.o3o8 
1.0000 .9865 1.0072 1.0308 .9929 1.0308 
.9999 .9865 1.0072 1.o308 .9929 1.0307 
.9999 .9866 1.0072 1.0308 ,9929 1.0307 
.9999 .9866 1.o072 1.o307 .9930 1.o306 
.9999 .9867 1.0072 1.0306 .9930 1.0305 
• 9998 .9868 1.0071 1.O306 .9931 1.0305 
.9998 .9868 1.0071 1.0306 .9931 1.o3o4 
.9998 .9869 1.oo71 1.o3o5 .9932 1.o3o3 
.9998 .9870 1.0071 1,0305 ,9932 1.o3o3 
.9997 ,9871 1 . 0 0 7 1  1.o305 .9932 1,0302 
.9996 .9874 1,o071 1.o303 .9933 1.0299 
;9995; ,9878 1,0071 1.0300 ,99~ 1.0295 
.9994 .9882 1.0071 1.0299 .9936 1.0292 
.9992 .9886 1.0070 1.o295 .9938 1.o287 
.9990 .9894 1,0070 1.0291 .9940 1.0280 
.9987 ,9900 1.0069 1.0286 .99~ 1.o273 
.9985 .9908 1.0069 1,0282 .9947 1.0266 
.9982 .9916 1.o068 1.0278 .9950 1.0259 
.9979 .9924 1.0068 1.0273 .9953 1.0252 
.9977 .9931 1.0067 1,0268 ,~;95;6 1.02~ 
.9974 .9938 1.0067 1.02614 .99~9 1.0237 
.9961 .9976 1.00(~ 1.0242 .9975 1.0202 
.9948 1,0014 1,0062 1.0220 .9990 1,o167 
.9935 1.oo53 1,oo6o 1.0198 1 . 0 0 0 6  1,0192 
.9922 1.0092 1.0057 1.o177 1.0022 1.0097 
• 9895 1.0170 1.0053 i.O134 1.0053 1.0028 
.9869 1.0248 1.0049 1.0092 1.0084 .9959 
.9842 1.0328 1.0045 1 , 0 0 5 ; 1  1,0115 .9892 
.9815 I.O408 1.O0~I 1.0010 1.0]~7 .9825 
.9788 1.0490 1.0037 .9970 1.0179 .9759 
.9761 1.0972 1.0033 .9931 1.o211 .9693 
.9734 1,0655 1,0030 .9892 1.0243 .9628 
• 9597 1.1081 1.0015 .9707 1.0~o5 .9315 
• 9459 1.1523 1.0005 .9535 1.0567 .9018 
.9321 1.1981 .9998 .9374 I.O731 .8737 
.9184 1.2451 .9994 .9225 1.0895 .8472 
.8916 1.3~22 .9995 .8953 1.1221 .7983 



p c, ¥ 

Temperature IIO0°R 

P/oP z ,T K L E/e 

10 .25152 .18291 1.3751 .9997 .9827 1.0103 1.0451 .~01 1.0~8 
15 .2515~ .18291 1.3752 .9996 .9831 1.OLO3 1.0~8 .9902 1.0~ 
20 .25157 .18291 1.375~ .9995 .9835 1.0103 1.0~6 .~03 1.0~0 
25 .25159 .18291 1.3755 .9993 .9839 1.OLO3 1.0~ .9905 1.0437 
30 .25162 .]8291 1.375;6 .9992 .9~1 1.OLO2 1.0~2 .9907 1.0434 
4o .25166 .18291 1.37S9 .9989 ,9850 1,01o2 1,0439 .9910 1,0428 
50 .25172 .18292 1.3761 .~86 .9856 1.0102 1.0435 .9913 1.0421 
60 .25176 .18292 1.3763 .9984 .9863 1.o102 1.0431 .9915 1.04]~ 
70 .25182 .18292 1.3767 .9981 .9871 1.0101 1.0428 .9919 1.0408 
80 .25187 .18292 1.3769 .9978 .9878 1.0101 1.042~ .9922 1.0401 
90 .25191 .18292 1.3772 .9976 .9885 1.0101 1.0420 .9925 1.0395 

100 .25197 .18292 1.3775; .9973 .9893 1.o101 1.0417 .9927 1.o389 
150 .25222 .18293 1.3788 .~)59 .9929 1.01o0 1.0398 .99~1 1.0356 
200 .25245 .18293 1.3800 .99~6 .9966 1.0098 1.0380 .9957 1.0324 
250 .25271 .18294 1.38~ .9932 1.0003 1.0097 1.0361 .9972 1.0291 
300 .25295 .18294 1.3827 .9918 1.0040 1.0096 1.0343 .9986 1.0259 
400 .25342 .18295 1.3852 .9891 1.0115 1.0094 1.0307 1.0016 1.0195 
~ )  .25390 .18296 1.3877 .9864 1.0191 1.0092 1.0273 1.0046 1.0133 
600 .25~35 .18297 1.3901 .9836 1.0266 1.0091 1.0237 1.0075 1.0070 
700 .25~82 .18298 1.3926 .9809 1.0343 1.0089 1.0204 1.0105 1.0009 
800 .25528 .18300 1.3950 .9782 1.0~21 1.0087 1.0170 1.0135 .~8 
900 .25571 .18301 1.3972 .975~ 1.0~97 1.0o86 1.o136 1.0165 .9887 

lO00 • 25615 .18302 1.3996 .9727 1.0576 1.0085 1.01o3 1.0194 .9827 
150o .?S821 .18307 1.41o~ .9590 1,o975; 1.0080 .9946 1.o345 .9537 
2000 .26o13 .]8312 1.h205 .9453 1.1386 1.0078 .9798 1.0496 .9262 
2500 .26192 .18318 I.|~2~ .9319 1.1809 1.0079 .9659 1.06~7 .~I 
3000 .?6354 .18323 i.~383 .9186 1.2239 1.0083 .9529 1.0797 .8753 
4000 .266~3 .18333 1.4533 .8928 1.3i20 1.0096 .9289 1.1094 .8294 



Tew~era%ure 1200"R 

p Op Ov 7 P/oP I J K L E/F 

1.o .25%52 .18595 1.3688 1.000o .9778 1.014o 1.0627 .9862 1.0627 
1.5 .25452 .18595 1.3688 I.O000 .9778 1.0140 1.0627 .9862 1.o627 
2.0 .25%52 ,18595 1.3688 .9999 .9778 1.0140 1.0627 .9863 1.0627 
2.5 .25%52 .18595 1,3688 .9999 .9778 1.0140 1.0627 .9863 1.0627 
3.0 • 25%53 .18595 1.3688 .99<)9 .9779 1.0140 1.0627 .9863 1.0626 
4.o .25%53 .18595 1.3688 ,9999 .9779 1.o14o 1.0627 .9863 1.0626 
5.0 .25%53 .18595 1.3688 .9999 .978o 1 . o 1 4 0  1.0626 .9863 1.0625 
6.0 .25%5% .18595 1.3688 .9998 .9781 1.o140 1.o626 .9864 1.o624 
7.0 .25%5% .18595 1.3689 .9998 .9781 1.o140 1.0626 .9864 1.0624 
8.0 ,25%5% .18595 1.3689 .9998 .9782 1,0~0 1.0625 .9864 1.0623 
9.0 .25%55 .18595 1.3689 .9998 .9783 1.o14o 1.o625 .9864 1.o622 

lO .25%55: .185:95: 1.3689 .9997 .9783 1.014o 1.o625 .9865: 1.o622 
15: .25%5'7 ,18595: 1.369o .9996 .9787 1,0140 1,0623 .9866 1,0619 
20 .25%6o .185:95 1.3692 .9995 .9790 1.o14o 1.0621 .9868 1.0615 
25: .25%62 ,18595 1.3693 .9993 .9794 1.01~0 1.0620 .9869 1.0613 
30 .25%63 .18595: 1.3693 .9992 .9797 1.0140 1.0619 .9870 1.0610 
40 .25%68 .18595 1.3696 .9989 ,98o4 1.o139 1.0616 .9874 1.0604 
5:0 .25%72 ,185:95 1,3698 .9986 ,9812 1,0139 1.0612 ,9877 1,o597 
60 .25%75 .18595: 1.3700 .9984 .9818 1.0139 1.06o9 .9879 1.o591 
70 .25%80 .185:96 1.3702 .9981 .9825 1.0139 1.O606 .9882 1.0586 
80 .25%85 .18596 1.3705 .9978 .9832 1.0139 1.0602 .9884 1.0579 
90 .25%89 .18596 1.3707 .9975: .9840 1.0139 1.0599 .9887 1.0573 

100 .25%93 .18596 1.3709 .9972 .9846 1.0139 1.0596 .9890 1.05:67 
150 .25:515: ,18596 1.3721 .995:9 .9882 1.0139 1.o5:80 .99o4 1.0536 
200 .25:534 .18596 1.3731 .9945: .9917 1.0138 1.056~ .9919 1.0506 
25:0 .25;55:3 .18597 1.3740 .9931 .9952 1.0138 1.05%9 .9932 1.0L76 
300 .255:75 .218597 1.3752 .9917 .9988 1.0138 1.0533 .9946 1.0~6 
400 .2561~ .18598 1.3772 .9890 1.005:8 1.0138 1.0503 .9974 1.0387 
5;oo .25:65:5 .18599 1.3794 .9862 1.o132 1.o138 1.0472 1.00o2 1.o328 
600 .25:693 .185:99 1.3814 .9835 1.o2o4 1.o137 1 . o ~  1.oo31 1.o271 
700 .25:732 .186oo 1.3834 .98o7 1.o277 1.o137 1.0414 1.oo59 1,o213 
800 .25769 .18601 1.385% .9780 1.035:0 1.0137 1.0384 1.0087 1.0156 
9OO .25:8O6 .18602 1.3873 .9753 1.0E~ 1.0137 1.035:6 1 . 0 1 1 5  1.01o0 

1000 .25:841 .18602 1.3892 .9725 1.0497 1.0138 1.o327 1.0142 1.0043 
1500 .26015: .18606 1.3982 .95:90 1.0872 1.0~0 1.0191 1.0284 .9773 
2000 .26179 .18610 1.4067 .945:6 1.1257 1.01~5 1.0062 1.0424 .95'15 
2500 .26329 .18614 1.4145 .9325 1.16~8 1.0151 .9940 1.0~/~ .9269 
3000 .26469 .18617 1.4218 .9196 1.2046 1.015:9 .9825: 1.070E .9035: 
4OO0 .26719 .18625 1.49~6 .8946 1.285:5 1.0180 .9614 1.0981 .8600 



P cp c, ¥ 

Temperature 1300°R 

P/oP I 3 K r v/z, 
1.O .25760 .18904 1.3627 1.0000 .9734 1.0180 1.08;'9 .9823 1.0828 
1.5 .25761 ,18904 1.3627 1.o0o0 .97~ 1.o18o 1.o829 .9824 1.0828 
2.0 .25761 .18904 1.3627 .9999 .9735 1 . 0 1 8 0  1.0829 .982/4 1.O828 
2.5 .25761 .18904 1.3627 .9999 .9735 1.o180 1.0829 .982/4 1.o828 
3.0 .25761 .18904 1.362.7 .9999 .9735 1.0180 1.0828 .982~ 1.082'7 
/4.0 .25761 .18~ 1.3628 .9999 .9736 1.0180 1.0828 ,9824 1.082'7 
5.0 .25762 .18904 1.3628 .9999 .973'7 1.O180 1.0828 .9825 1.O826 
6.0 .25.762 .18904 1.3628 .9998 .9737 1.0180 1.0828 .9825 1.0826 
7.0 .25'763 .18~ 1.3628 ,9998 .9738 1.0180 1.082'7 .9825 1.o825 
8.0 .25;'763 .18904 1.3628 .9998 .9739 1.o180 1.o827 .9825 1.o825 
9.0 .25763 .1890/4 1.3628 .9998 .97/40 1.018o 1.o82'7 .9826 1.o82/4 

I0 .25764 .1890/4 1.3629 .9997 .97/40 1.o180 1.0827 .9826 1.0824 
15 .25765 .18904 1.3629 .9996 .9'743 1.O180 1.O82/4 .9827 1.0820 
20 .25767 .18904 1.3631 .9995 .97/47 1.0181 1.0823 .9828 1.0817 
25 .25769 .1890/4 1.3631 .9993 .9750 1.o181 1.o822 .9829 1.o815 
30 ,25770 .18904 1.3632 .9992 .975~ 1 . o 1 8 1  1.o821 .983o 1.0812 
/40 • 257.74 .18904 1.363~ .9~89 .9760 1.o181 1.0818 .9833 1.0806 
5;0 .257'77 .18~ 1.3636 .9986 .976'7 1.0181 1.o815 .9836 1.0800 
6o .25781 .1890k 1.3638 .9983 .977/4 1.o181 1.0812 .9839 1.0'79/4 
70 .2578k .18904 1.3639 .9981 .978o 1.o181 1.0810 .98~2 1.o789 
8O .25788 .1890~ 1.3642 .9978 .9787 1.O181 1.o8o7 .98t~ 1.0.783 
90 °25.792 .18~ 1.36~ .9975 .Y/~/4 1.0181 1.0804 .98~6 1.0777 

100 .25796 .18905 1.3645 .9972 .9800 1.0181 1.0802 .98/49 1.0.7.72 
150 .25813 .18905 1.36~ .9959 .983/4 1.o181 1.o788 .9863 1.o7/43 
200 .25830 .18905 1.3663 .99/45 .9868 1.0182 1.07.73 .9876 1.0714 
250 .258~7 .18905 1.3672 .9931 .~Ol 1.o182 1.o761 .9889 1.o687 
300 .2586.7 .18906 1,3682 .9918 .~36 1.0182 1,o.7/47 .9903 1.0658 
/400 .25898 .18906 1.3698 .9890 1 . 0 0 0 3  1.0183 1.0721 .9930 1.0603 
500 .25932 .18907 1.3716 .9863 1.0072 1.o184 1.069/4 .9956 1.05:47 
600 .25965 .1890'7 1.3'733 .9836 1.0~2 1.0185 1.o668 .9982 1.0/493 
700 .25999 .18908 1.3750 .9809 1.0210 1.0186 1.0643 I.O009 1.0/439 
800 .26O29 .18908 1.3766 .9781 1.02'79 1.018'7 1.0618 1.0036 1.0386 
900 .26061 .18909 1.3'782 .9755 1.0349 1.0189 1.0592 1.o061 1.0332 

i000 .26O92 .18909 1.3799 .9728 1.0420 1.0190 1.05;67 1.0088 1.0279 
1500 .262/42 .18F12 1.3876 .9595 1.0'7'7/4 1.0197 1.0447 1.0221 1.0023 
2ooo .26381 .18915 1.39/47 .9/464 1.11~ 1.o206 1.o333 1.o353 .9'78o 
2500 .26510 .18918 I,/4013 .9336 I.~98 1.021.7 1.0224 1.0/483 .95~6 
3000 .26630 .18920 I.~07~ .9211 1.1869 1.0229 1.0121 1.0613 .9323 
/40O0 .26849 .18925 1.4187 .897.1 1 . 2 6 2 0  1.O255 .9930 1.o87o .8908 

.) 



Temperature 1400°R 

p % c, • * /o* T a L 

10 .26069 .192O9 1.3571 .9997 .9698 1.0225 1.1052 .9783 1.1049 
15 .26069 .19209 1.3571 .9996 .97Ol 1.0225 1.1o52 .9784 1.1047 
20 .26071 .192o9 1.3572 .9995 .9705 1 . 0 2 2 5  1.1050 .9786 1.10/~ 
25 .26072 .192O9 1.3573 .9993 .9709 1.0225 1.1050 .9787 1.1042 
30 .26075 .192O9 1.3574 .9992 .9711 1.0225 1.1047 .9788 1.1038 
40 .26077 .192O9 1.3575 .9989 .9718 1.0225 1.1045 .9790 I.I033 
50 .16081 .192o9 1.3577 .9986 .972/= 1.o225 1.1042 .9793 1.1027 
60 .26082 .19209 1.3578 .9984 .9731 1 . 0 2 2 5  1.104o .9796 1.1022 
70 .26086 .19209 1.3580 .9981 .9737 1.0226 1.1o37 .9798 1.1016 
80 .26088 .19209 1.3581 .9978 .9743 1.0226 1.1036 .9800 1.1012 
90 .26092 .192o9 1.3583 .9975 .9750 1.0226 1.I03~ .9803 1.I007 

100 .26095 .19209 1.3585 .9973 .9757 1 . 0 2 2 6  1.1031 .9806 1.1001 
150 .2611o .1921o 1.3592 .9959 .9788 1.0227 1.1019 .9818 1.0974 
200 .26125 .19210 1.3600 .9946 .9821 1.0228 1.1007 .9831 1.0947 
250 .26139 .1921o 1.3607 .9932 .9853 1.0228 1.0995 .9844 1.0920 
300 .26156 .19210 1.3616 .9918 .9886 1 . 0 2 2 9  1.0984 .9856 1.0894 
400 .26186 .19211 1.3631 .9891 .9952 1.0231 1.0959 .9881 1.o840 
500 .26213 .19211 1.3645 .9865 1.0016 1.0233 1.o937 .9907 1.o789 
600 .262Ld .19211 1.3659 .9838 1.0081 1 . 0 2 3 5  1.o913 .9931 1.0'736 
700 .26270 .19212 1.3674 .9811 1.0148 1 . o 2 3 6  1.0891 .9957 1.o685 
8o0 .26298 .19212 1.3688 .9785 1.02])~ 1.0238 1.o868 .9983 1.063~ 
9o0 .26324 .19213 1.3701 .9758 1.0280 1 . 0 2 4 0  1.0846 1.0008 1.o584 

1000 .26352 .19213 1.3716 .9732 1.0347 1.0242 1.0824 1.0033 1.0534 
1500 .2648o .19215 1.3781 .96o2 1.0681 1.0253 1.o73.7 1.0158 1.o290 
2000 .26602 .19217 1.3843 .9475 1.1021 1.0266 1.0615 1.0281 1.0057 
2500 .26716 .19219 1.3901 .93gJ 1.136~ 1.0279 1.0.5"18 1.0404 .9835 
3000 .26820 .19221 1.3953 .9230 1.1709 1.0293 1.0424 1.0526 .9621 
4000 .27o16 .19225 1.4053 .8997 1.2~10 1.0324 1.o248 1.0766 .9220 



P c,, 7 

Temperature ~ " R  

P/oP I J K L 

1.o ,26362 ,19~6 1,35;35 1.oooo .96~ 1 , o 2 7 1  1,13o5 .9736 1.13o4 
I.S .26363 ,195;06 1.35;35 i.oooo .96.~ 1.0273. 1.1305 ,9737 I. 
2,0 ,26363 ,195;06 1,3515 .9999 ,9655 1 , 0 2 7 1  1.1305 .9737 1.1304 
2,5 .26363 ,195;06 1,35;35 .9999 .9655 1.0271 1,1304 .9737 1.1304 
3,0 ,26363 ,19506 1.353.5 .9999 .9655 1.0271 1.1304 ,9737 1.1303 
4.0 .26363 ,195~)6 1,3515 .9999 ,965;6 1 , 0 2 7 1  1,13o~ .9?37 1,1303 
5,0 .26363 ,195;06 1,3516 .9999 ,9657 1 , 0 2 7 1  1,1304 .9737 1,1302 
6.0 .2636~ ,19..q~6 1,35'16 ,9998 .965;7 1,0271 1,13o4 .9738 1,1302 
7,0 .2636/4 .195;06 1,35'16 ,9998 .965;8 1,o271 1.1304 ,9738 1.1301 
8,0 ,26364 ,195;06 1,3516 ,9998 .9658 1,0271 1,1303 .9738 1,1301 
9,0 .26364 ,195;06 1.35"16 .9998 ,9659 1,0271 1,1303 .9738 1.1300 

10 ,26365 ,195;06 1,35"16 ,9997 .966O 1.0271 1.1303 ,9739 1.1300 
35 ,26366 .195;06 1,35'17 .9996 .9663 1.0271 1.1302 .974O 1.1297 
20 ,26367 .195;06 1.35'18 .9995 .9666 1 . 0 2 7 1  1,1301 ,9741 1.1295 
25 ,26369 ,19506 1.353.8 ,9993 .9669 1,0271 1.]30o .9742 1.1292 
30 .26370 .195;06 1,35;19 .9992 .9672 1.0272 1,1299 ,9743 1,1289 
~0 ,26373 ,19..q)6 1,3520 .9989 .9678 1.0272 1,1296 .9746 1.1284 
~0 .26375 .19506 1.3522 .9987 .968~ 1.0272 1.1294 .9748 1.1279 
6o ,26378 ,195;o6 1.3523 .998~ .9690 1.o272 1,1292 .9751 1,1274 
70 .26381 .19S06 1.3524 .9981 .9697 1,0272 1,1290 .975;3 1.1269 
8O .26383 ,195o6 1.3525; .9979 ,9703 1.0273 1.1288 .9755 1,12~ 
90 ,26386 .19~96 1.3527 .9976 .97o9 1.0273 1.1286 .9758 1.1258 

lo0 ,26389 ,2.9~6 1.35;28 ,9973 ,9715; 1,0273 1.1283 .976o 1.125;3 
150 .26~o2 .195o6 1.3535 .996o ,9746 1.0274 1.1273 .9772 1.1227' 
200 ,26/.~35 .19507 1,352~1 .9946 .9777 1.0275; 1.1262 .97~ 1.1202 
25;o ,26428 .195o7 1.35~8 .9933 .9808 1.o277 1.125"1 .9796 1.3.176 
300 .26~0 .195;07 1.35;9~ .992o .9839 1.0278 1.1241 .9808 1.1151 
boo .26466 .19~37 1.35;67 .9893 .9901 1,0280 1.1220 .9832 1.1100 
~o ,2~91 .195;o8 1,35;8o ,9867 ,9963 1,o283 1.1199 .9856 1.1o5o 
600 .26516 .19508 1.3592 .9841 1.0026 1.0285 1.1179 .9880 1.1001 
70o .76~o ,195o8 1.36o5; ,9835 1 . 0 o 8 8  1.o287 1.1158 ,99o4 1.o952 
8o0 .265;6E ,19.~8 1.3617 .9789 1,o15"1_ 1,o29o 1,1138 .9928 1.o9o3 
900 .26588 .19509 1.3629 .9763 1,0214 1.0293 1.1118 .9952 1.085;5; 

lOOO .26612 .19.'~9 1.3(9~.1 ,9737 1.o277 1 , o 2 9 5  1,1o98 ,9975 1.o8o7 
,26725; .19511 1.3698 ,961o 1,o5;95; 1,o.3o9 1.1oo2 1.(X~94 1.0..~'3 

2000 ,26831 .19512 1.3751 .9487 1.0915 1.0323 1.0910 1.0211 1.0350 
2500 °26932 .1953~ 1.3802 .9366 1,1239 1.0339 1.0821 "- ":1.0327 : 1.0135 
3000 .27026 .19515 1.3849 .9249 1.156~ 1.035;5; 1.0736 1.0442 .9930 
400o .27199 .195;18 1.3936 ,9o24 1 , 2 2 2 1  1 , 0 3 8 9  1.0575;  1.0667 .9~2 



P c, 7 

Temperature 1600"R 

P/oP I K L ,/r 

1.0 .26645 .19789 1.3465 1.0000 .9618 1.0319 1.1574 .9691 1.15'74 
1.5 .26645 .19789 1.3465 I.OOOO .9618 1.o319 1.1574 .9691 1.1573 
2.0 .266h6 .19789 1.3465; 1.0000 .9619 1.0319 1.1574 .9692 1.1573 
2 . 5  .26646 .19789 1.3465 .9999 .9619 1.o319 1.1574 .9692 1.1573 
3.0 .26646 .19789 1.3465 .9999 .9619 1.0319 1.1574 .9692 1.1573 
4.0 .266156 .19789 1.3465 .9999 .9620 1.o319 1.1573 .9692 1.1972 
5.0 .26646 .19789 1.3465 .9999 .9621 1.0319 1.1573 .9692 1.1571 
6.0 .26646 .19789 1.3465 .9998 .9621 1.0319 1.1573 .9693 1.1571 
7.o .26647 .19789 1.3465 .9998 .9622 1.O319 1.1573 .9693 1.1571 
8.0 .26647 .19789 1.3466 .9998 .9622 1.0319 1.1572 .9693 1.1569 
9.0 .26647 .19789 1.3466 ' .9998 .9623 1.0319 1.1572 .9693 1.1569 

IO .26647 .19789 1.3466 .9997 .9624 1.0319 1.1572 .9694 1.1569 
15 .26649 .19789 1.3466 .9996 .9626 1.o320 1.1570 .9694 1.1566 
20 .26650 .19789 1.3467 .9995 .9629 1.o32o 1.1570 .9695 1.1564 
25 .26651 .19789 1.3467 .9993 .9632 1.032o 1.1569 .9696 1.1561 
30 .26652 .19789 1.3468 .9992 .9635 1.0320 1.1568 .9697 1.1559 
40 .26654 .19789 1.3469 .9990 .9641 1.o320 1.1566 .970o 1.1554 
50 .26656 .19789 1.347o .9987 .9646 1.o321 1.1564 .9702 1.1549 
60 .26659 .19789 1.3472 .9984 .9654 1.0321 1.1562 .97o4 1.15~ 
70 .26661 .19789 1.3473 .9982 .9659 1.0321 1.156o .9707 1.1539 
80 .26663 .19789 1.3474 .9979 .9665 1.0321 1.1558 .9710 1.1534 
9O . 2 6 6 6 6  .19789 1.3475 .9976 .9670 1.0322 1.1556 .9711 1.152.9. 

100 .26668 .19789 1.3476 .9974 .9677 1.0322 1.1554 .9713 1.1524 
15o .26679 .19789 1.3482 .9961 .9706 1.0323 1 . 1 ~  .9726 1.1499 
200 .26690 .19789 1,3487 .9948 .9736 1.0325 1.1535 .9736 1.1475 
250 .26702 .19790 1.3493 .9935 .9765 1.o326 1.1525 .9748 1.145o 
300 .26713 .1979o 1.3498 .9922 .9795 1.o327 1.1517 .976o 1.1427 
400 .26735 .1979o 1.35o9 .9896 .9854 1.o33o 1.1497 .9783 1.1377 
500 .26759 .1979o 1.3521 .9870 .9914 1.o333 1.1478 .98o5 1.1329 
600 .26781 .1979o 1.3533 .9844 .9975 1.o336 1.146o .9828 1.1282 
700 .268o3 .19791 1.3543 .9819 i.oo33 1.o339 1.1442 .985o 1.1235 
800 .26823 .19791 1.3553 .9794 I.OO93 1.o342 1.1424 o9873 1.1188 
900 .26843 .197Yi 1.3563 .9768 1.o153 1.o345 1.14o6 .9896 1.1142 

IOOO .26863 .19791 1.3573 .9743 1.o213 1.o348 1.1387 .9919 1.1o95 
1500 .26965 .19793 1.3624 .9620 1.0516 1.0363 1.1301 1.0031 1.0871 

.~7059 .19794 1.3670 .9500 1.o819 1.0380 1 . 1 2 1 6  1 . 0 1 4 1  1.0655 
2500 .271~8 .19795 1.3715 .9383 1.i126 1.O397 1.1134 1.0251 i.O447 
3000 .27231 .19796 1.3756 .9269 1.1432 1.0414 1 . 1 0 5 6  1.0360 1.0248 
4000 .2739O .19798 1.3835 .9o50 1.2052 1.O450 1.0907 1.0573 .9871 



Temperature 1700"R 

p % ¥ p/op a x L 

10 .26915 ,20057 1.3419 .9997 .9590 1.0369 1.1861 .9647 1.1858 
15 .26916 .20057 1.3420 .9996 .9593 1.0369 1.1863 .9648 1.3.856 
20 .26917 .2oo57 1.342o .9995 .9595 1.0369 1.1860 .9649 1.185~ 
25 ' .26918 .20057 1.3421 .9994 .9599 1.0369 1.1859 .9651 1.185"I 
30 .26919 .20057 1.3421 .9992 .96oi 1.0369 1.1858 .9652 1,1849 
4o .26921 .20057 1.3422 .999o .9607 1 . 0 3 7 o  1.1856 .9653 1.18~ 
50 .26923 .20057 1.3423 .9987 .9613 1.037o 1.185L .9655 1.1839 
60 .26925 .2o057 1.3424 ,9985 ,9618 1.o37o 1.1853 .9658 1,1835 
70 .26927 .20057 1.3425 .9982 .9624 1.0371 1.1851 .966O 1.1830 
80 .26929 .20057 1.3426 .9980 .9629 1.0371 1.1849 .9662 1.1825 
90 .26931 .20o57 1.3427 .~77 .9635 1.o371 1.1846 .9665 1.1819 

100 .26933 .2O057 1.3428 .9974 .9640 1.0372 1.1845 .9667 1.1815 
15o .26944 ,2oo57 1.3434 .9962 .967O 1.o373 1.1836 .9678 1.1791 
200 .26954 .20057 1.3439 .9949 .9698 1.0375 1.1828 .9688 1.1768 
250 .26963 .20057 1.34/t3 .9936 .9726 1 . o 3 7 6  1.1819 .9699 1.17/4~ 
300 .26974 .20058 1.3448 .9924 .9755 1.o378 1.1810 .9710 1.1720 
;400 .26994 .20058 1.3458 .9898 .9812 1.0381 1.1794 .9732 1.1674 

.27013 .20058 1.3467 .9873 .9867 1.0384 1.1776 .975~J 1.1627 
600 .27031 .20058 1.3476 .9848 .9924 1.0387 1.1760 .9776 1.1582 
70o .27o50 .20o58 1.3486 .9823 .9983 1.0391 1.1742 .9797 1.1535 
800 .27068 .20058 1.3495 .9799 1.0o39 1.0394 1.1726 .9818 1.1490 
90O .27088 .20059 1.3504 .9774 1.oo96 1 . o 3 9 7  1.17o9 .984o 1.14~5 

10oo .271o7 .20059 1.3514 .975o 1.015~ 1.O4Ol 1.1693 .9861 1.140o 
15o0 .27195 .20060 1.3557 .9630 1.0~I 1.0~18 1.1613 .9968 1.1183 
2OOO .27280 .20061 1.3599 .9513 1.0732 1 . 0 h 3 5  1 . 1 5 3 5  1.0074 1.0973 
2500 .2736o .20062 1.3638 .9399 1.1021 1.0453 1.1461 1.0178 1.o772 
3ooo .27432 .20062 1.3674 .9289 1.1311 i.o~71 1.1388 1.0282 1.o578 
400o .27575 .2oo64 1.3744 .9o77 1.1897 1.0.~39 1 . 1 2 4 9  1 . 0 4 8 3  1.0211 



P c, 7 

Temperature 1800*R 

P/oP I ,1' K L 

1.0 .27164 .20308 1.3376 i.oo0o .9555 1.0418 1.2167 .9599 1.2167 
1.5 .27164 .20308 1.3376 1.ooo0 .9555 1.o418 1.2167 .9599 1.2166 
2.0 .27165 .2o308 1.3376 1.0000 .9555 1.0418 1.2167 .9599 1.2166 
2.5 .27165 .20308 1.3376 .9999 .9556 1.0418 1.2167 .9599 1.2166 
3.0 .27165 .20308 1.3376 .9999 .9556 1.0418 1.2167 .96o0 1.2166 
4.0 .27165 .20308 1.3376 .9999 .9556 1.0418 1.2166 .9600 1.2165 
5.0 .27165 .20308 1.3377 .9999 .9557 1.0418 1.2166 .9600 1.2165 
6.0 .27165 .20308 1.3377 .9999 .9558 1.0418 1.2166 .9600 1.2164 
7.o .27165 .20308 1.3377 .9998 .9558 1.0418 1.2166 .9600 1.2164 
8.0 .27166 .20308 1.3377 .9998 .9559 1.o419 1.2166 .9600 1.2163 
9.0 .27166 .20308 1.3377 .9998 .9559 1.0419 1.2166 .9600 1.2163 

I0 .27166 .203o8 1.3377 .9998 .9560 1.o419 1.2165 .9601 1.2162 
15 .27167 .20308 1.3377 .9996 .9562 1.0419 1.2165 .9602 1.2160 
20 .27168 .2o3o8 1.3378 .9995 .9565 1.0419 1.2164 .9602 1.2158 
25 .27169 .203o8 1.3378 .9994 .9568 1.0419 1.2163 .9604 1.2155 
30 .2717o .20308 1.3379 .9993 .9571 1.0419 1.2161 .96o5 1.2152 
40 .27171 .20308 1.3379 .9990 .9576 1.0420 1.2161 .9606 1.2]J~9 
50 .27173 .20308 1.338o .9988 .9581 1.0420 1.2159 .9609 1.2~4 
60 .27175 .20308 1.3381 .9985 .9587 1.0420 1.2157 .9612 1.2139 
70 .2717? .20308 1.3382 .9983 .9592 1.0421 1.2155 .9613 1.213~ 
80 .27179 .20308 1.3383 .9980 .9598 1.0421 1.2153 .9615 1.2129 
90 .27180 .20308 1.3384 .9978 .9603 1.0421 1.2153 .9617 1.2126 

io0 .27182 .20308 1.3385 .9975 .9609 1.0422 1.2151 .9619 1.2121 
150 .27191 .20308 1.3389 .9963 .9635 1.0423 1.2143 .9630 1.2098 
200 .272(X) .20308 1.3394 .9950 .9663 1.0425 1.2134 .9640 1.2074 
250 .27208 .20308 1.3398 .9938 .9691 1.0427 1.2126 .9651 1.2051 
300 .27217 .20308 1.3402 .9926 .9717 1.0428 1.2119 .9662 1.2029 
400 .27235 .20309 1.341o .9901 .9771 1.0432 1.2104 .9081 1.1984 
500 .27253 .20309 1.3419 .9876 .9827 1.0435 1.2087 .9703 1.1938 
600 .27268 .20309 1.3427 .9852 .9880 1.0439 1.2071 .9723 1.1893 
700 .27286 .20309 1.3435 .9828 .9935 1.0442 1.2056 ,9745 1.18~9 
800 .27304 .20309 1.3444 .9804 .9990 1,0446 1.2042 .9765 1.1806 
900 .27322 .20309 1.3453 .9780 1.0046 1.0~9 1.2026 .9786 1.1762 

1000 .27336 .20309 1.3460 .9756 1.0100 1.0453 1.2011 .9806 1.1718 
1500 .27414 .20310 1.3498 .9640 1.0374 1.0471 1.1937 .9907 1.1507 
2000 .27492 .20311 1.3536 .9526 1.0650 1.0489 1.1865 1.0008 1.1303 
250o .27562 .20312 1.3569 .9416 1.o925 1.o508 1 . , , 7 9 5  1.o107 1.:no6 
3000 .27630 .20312 1.3603 .9308 1.1203 1.0527 1.1728 1.0205 1.O917 
4oo0 .277~;9 .20314 1.3665 .91o3 1.1758 1.o566 1.1599 1.o397 1.o558 



P op ¥ 

Temperature 1900°R 

p/op z # K L ,.Jr 

1.0 .27398 .2o5~2 1.3338 1.oo00 .9527 1.0468 1.2486 .9553 1.2486 
1.5 .27398 .20542 1.3338 1.0000 .9528 1.0468 1.2486 .9553 1.2485 
2.0 .27398 .20542 1.3338 i.oo00 .9528 1.O468 1.2486 .9554 1.2485 
2.5 .27399 .20542 1.3338 .9999 .9528 1.0468 1.2486 .9554 1.2485 
3.0 • 27399 .2054 2 1.3338 .9999 .9528 1.0468 1.2485 • 9554'4 1.2485 
4.o .27399 .20542 1.3338 .9999 .9529 1.o468 1.2485 .9554 1.2484 
5.0 .27399 .20542 1.3338 .9999 .9529 1.o468 1.2485 .9554 1.2484 
6.0 .27399 .20542 1.3338 .9999 .9530 1.0468 1.2485 .9555 1.2483 
7.0 .27399 .20542 1.3338 .9998 .953o 1.o468 1.2485 .9555 1.2483 
8.0 .27399 .20542 1.3338 .9998 .9531 1.0;.=68 1.2485 .9555 1.2482 
9.0 .27400 .20542 1.3338 .9998 .9532 1.o468 1.2485 .9555 1.2482 

I0 .27400 .20542 1.3338 .9998 .9532 1.0469 1.2484 .9555 1.2482 
15 .27401 ,20542 1.3339 .9996 .9535 1.0469 1.2484 .9556 1.2479 
20 .27401 .20542 1.3339 .9995 .9537 1.0469 1.2;.=83 .9557 1.2477 
25 .27402 .20542 1.3339 .9994 .9539 1.0469 1.2482 .9557 1.2475 
30 .27403 .20542 1.3340 .9993 .9543 1.0469 1.2481 .9559 1.2472 
40 .271.=04 .20542 1.3340 .9990 .9548 1.0470 1.2479 .9560 1.2467 
50 .27406 .20542 1.3341 .9988 .9552 1.0470 1.2479 .9563 1.246~ 
60 .27408 .2o542 1.3342 .9985 .9558 1.0470 1.2477 .9565 1.2459 
70 .27409 .20542 1.3343 .9983 .9563 1.o471 1.2476 .9567 1.2455 
80 .2741] .20542 1.3344 .9981 .9569 1.0471 1.2474 .9568 1.245;o 
90 .27413 .20542 1.3345 .9978 .9574 1.0471 1.2472 .9571 1.21~5 

100 .27414 .20542 1.3345 .9976 .9579 1.0472 1.2471 .9572 1.2441 
150 .27;.=22 .2O542 1.3349 .9964 .9605 1.01~74 1.2464 .9582 1.2419 
200 .27430 .20542 1.3353 .9952 .9631 1.0475 1.2456 .9593 1.2396 
250 .27438 .20542 1.3357 .9939 .9657 1.0477 1.2448 .9602 1.2373 
300 .27445 .2054 2 1.3360 .9927 .9683 1 .o479 1.2441 .9613 1.235'1 
400 .27461 .2o542 1.3368 .9904 .9736 1.0483 1.2428 .9632 1.2308 
500 .27478 .2o543 1.3376 .9880 .9788 1.o486 1.2413 .9653 1.2264 
600 .27493 .2o543 1.3383 .9856 .984/40 1.o49o 1.2398 .9672 1.2220 
700 .27507 • 20543 1.3390 .9833 .9892 1.0493 1.2384 .9693 1.2177 
800 • 27523 .20543 1.3398 .9809 .9945 1.0497 I. 2370 .9712 1.2134 
900 .27539 .20543 1.3406 .9786 .9998 1.o501 1.2356 .9731 1.2092 

1000 • 27555 • 20543 1.3413 .9763 1.0050 1.0505 1.23/43 .9750 1.20..':;0 
1500 .27627 .20544 1.3448 .9649 1.0314 1.0523 i.2273 .9848 1.1843 
2000 .27694 .2O544 1.3480 .9539 1.0577 1.0542 1.2207 .9944 1.16~ 
250O ,27760 .20545 1,3512 .9432 1,0840 1.0561 1,2142 1,0039 1,1452 
30O0 ,27826 .20546 1,3543 ,9327 1.1106 1.0581 1,2078 1,0132 1.1266 
4000 .27943 .20547 1.360o .9127 1.1636 1.0620 1.1956 1.0316 1.0913 



P c, 7 

Temperature 2000°R 

P/oP I J K L E/F 

lO .27616 .20759 1.33o3 .9998 .95o7 1.o5'18 1.2817 .951o 1.2814 
15 .27617 .20759 1.3304 .9996 .9510 1.0518 1.2817 .9511 1.2812 
20 .27618 .20759 1.3305 .9995 .9512 1.0518 1.2815 .9512 1.2809 
25 .27619 .20759 1.3305 .9994 .9515 1.0519 1.2814 .9513 1.2806 
30 .27619 .20759 1.3305 .9993 .9517 1.0519 I. 2814 .9514 i. 2805 
40 .27621 .20759 1.3306 .9991 .9522 1.0519 1.2812 .9515 1.2800 
50 .27622 .20759 1.3306 .9988 .9527 1.0520 1.2811 .9517 1.2796 
60 .27624 .20759 1.3307 .9986 .9532 1.0520 1.2809 .9519 1.2791 
70 .27625 .20759 1.3307 .9983 .9536 1.0520 1.2808 .9521 1.2787 
80 .27626 .20759 1.3308 .9981 .9542 1.0521 1.2806 .9523 1.2782 
90 .27628 .20759 1.3309 .9979 .9547 i.o521 1.2805 .9525 1.2778 

I00 .27629 .20759 1.3309 .9976 .9552 1.0521 I. 2805 .9527 I. 2"/75 
150 .27636 .20759 1.3313 .9965 .9577 1.0523 1.2797 .9537 1.2752 
200 .27645 .2o759 1.3317 .9953 .9602 1.o525 1.279o .9547 1.2730 
250 .27651 .2o759 1.3320 .9941 .9628 1.0527 1.2784 .9556 1.2709 
3O0 .27658 .20759 1.3323 • 9929 • 9652 1.0529 1.2777 .9565 1.2687 
boo .27671 .20759 1.333o .99o6 .97o2 1.0533 1.2764 .9584 1.2644 
500 .27687 .20759 1.3337 .9883 .9753 1 . o 5 3 6  1.275o .9603 1.2601 
6o0 .27702 .20760 1.3344 .986o .9801 1.054o 1.2736 .9623 1.2558 
7OO .27714 .20760 1.3350 .9837 .9853 1.0544 1.2723 .9641 1.2516 
800 .27728 .20760 1.3356 .9814 .9903 1.o548 1.2711 .9660 1.2475 
9o0 .27740 .2o760 1.3363 .9792 .9954 1.o552 1.2697 .9679 1.2433 

IOOO .27754 .20760 1.3369 .9769 1.0004 1.0555 1.2685 .9697 1.2392 
1500 .27822 .20760 1.3402 .9659 1.025'7 1.0575 1.2620 .9790 1.2190 
2000 .27883 .20761 1.3430 .9552 1.0509 1.0594 1.2558 .9882 1.1995 
2500 .27943 .20761 1.3459 .9447 1.0761 1.0613 1.2497 .9974 1.1806 
3000 .27999 .20762 1.3486 .9346 1.1014 1.0633 1.2438 1.0063 1.1624 
4000 .28108 .20763 1.3538 .9151 1.1520 1.0673 1.2323 1.0238 1.1277 



Temperature 21OO'R 

p % o, p/op I a I L 

1.0 .27817 .20961 1.3271 1.0000 .9480 1.0567 1.3162 .9464 1.3162 
1.5 .27817 .20961 1.3271 1.0000 .9480 1.0567 1.3162 .9464 1.3161 
2.0 .27817 .20961 1.3271 1.0000 .9480 1.0567 1.3162 .9464 1.3161 
2.5 .27817 .20961 1.3271 .9999 .9480 1.0567 1.3162 .9464 1.3161 
3.0 .27818 .20961 1.3271 .9999 .9481 1.0567 1.3162 .9464 1.3161 
4.0 .27818 .20961 1.3271 ,9999 .9481 1.0567 1.3162 .9464 1.3161 
5.0 .27818 .20961 1.3271 .9999 .9482 1.0567 1.3161 .9465 1.3159 
6.0 .27818 .20961 1.3271 .99<)9 .9482 1.0567 1.3161 .9465 1.3159 
7.0 .27818 .20961 1.3271 .9998 ,9483 1.0567 1.3161 .9465 1.3159 
8.0 .27818 .20961 1.3271 .9998 .9483 1.0567 1.3161 .9465 1.3159 
9.0 .27818 .20961 1.3271 .9998 .9484 1.0567 1.3161 .9465 1.3158 

10 .27818 .20961 1.3272 .9998 .9484 1.0567 1.3161 .9465 1.3158 
15 .27819 .20961 1.3272 .9997 .9486 1.0567 1.3160 .9466 1.3156 
20 .27820 .20961 1.3272 .9995 .9489 1.0568 1.3159 .9467 1.3153 
25 .27820 .20961 1.3272 .9994 .9491 1.0568 1.3159 .9468 1.3151 
30 .27821 .20961 1.3273 .9993 .9494 1.0568 1.3158 .9469 1.3])49 
40 .27822 .20961 1.3273 .9991 .9499 1.o568 1.3157 .9471 1.3145 
50 .27824 .20961 1.3274 ,9989 .9503 1.0569 1.3156 .9473 1.3141 
60 .27825 .20961 1.3275 .9986 .9508 1.0569 1.3154 .9475 1.3136 
70 .27827 .20961 1.3275 ,9984 .9513 1.0569 1.3153 .9477 1.3132 
80 .27828 .20061 1.3276 .9982 .9518 1.0570 1.3152 .9478 1.3128 
90 .27829 .20961 1.3276 .9979 ,9523 1.0570 1.3150 .9480 1.3123 

I00 .27830 .20961 1.3277 .9977 .9528 1.0571 1.3149 .9481 1.3119 
150 .27837 .20961 1.3280 .9966 .9552 1.0572 1.3143 .9491 1.3098 
200 .278~ .20961 1.3283 .9954 .9576 1.0574 1.3136 .9501 1.3076 
250 ,27851 ,20961 1,3287 .9943 ,9600 1 , 0 5 7 6  1,3130 .9510 1,305;.; 
3oo .27857 .20961 1.3290 .9931 ,9624 1.0578 1.3124 .9519 1.3034 
4oo ,27870 ,20961 1,3296 ,9909 ,9673 1,0582 1,3112 ,9537 1,2992 
500 .27883 .20961 1.3302 .9886 .9721 1.0586 1.3099 .9555 1.2950 
600 .27895 .2o961 1.3308 .9864 .9769 1.0590 1.3086 .9573 1.2908 
700 ,27908 ,20962 1,3314 ,9842 ,9818 1.0594 1,3o74 ,9591 1.2867 
800 • :?7920 ,20962 1,3320 ,9819 ,9866 1 , o 5 9 8  1,3o62 ,9609 1, 2826 
900 ,27933 .20962 1,3326 ,9798 ,9915 1 , 0 6 0 1  1.3049 ,9628 1.2785 

I000 .27945 .20962 1.3332 .9776 .9963 1.0605 1.3038 .9646 1.2745 
15o0 ,28005 ,20962 1,3360 ,9668 1,02o5 1 , 0 6 2 5  1,2978 ,9735 1,25~7 
2000 .28063 .20963 1.3387 .9564 1.0448 1.0644 1.2918 .9823 1.2355 
2500 ,28120 .20963 1.3414 .9462 1.0688 1.0664 1.2861 .9910 1.2170 
3OO0 ,28171 ,20963 1,3438 ,9364 1,0933 1,0684 1.2806 ,9996 1,1991 
4000 .28271 .20064 1.3486 .9174 1.14~ 1.o724 1.2696 1.0164 1.1648 



TeMperature 2200"R 

p % cv ¥ p/op ,r I L 

10 .28004 .21147 1.3243 .9998 .9463 1.0615 1.3516 .9422 1.35'13 
15: .28005 .2].147 1.3243 .999/ .9466 1.o616 1.35].5 °9423 1.351o 
20 .28oo6 .21147 1.3243 .9996 .9468 1.0616 1.35"15 .9424 1.35o9 
25 .28006 .21147 1.3244 .9994 .9470 1.0616 1.35~_h .9425 1.3506 
30 .28oo7 .21147 1.3244 .9993 .9473 1.o616 1.353~ .9426 1.3505 
40 .28008 .213Jt7 1.3244 .9991 .9477 1.0617 1.353.1 .9428 1.3499 
50 .28009 .211lt7 1.3245 .9989 .9482 1.0617 1.35'10 .9430 1.3495 
6O .28010 .2111t7 1.3245 .9987 .9487 1.0617 1.3509 .9431 1.3491 
70 .28012 .21147 1.3246 .9984 .9491 1.0618 1.3508 .9433 1.3487 
8O .28013 .21147 1.3247 .9982 .9496 1.o618 1.35;o7 .9435 1.3483 

109~o .28o14 .21147 1.3247 .998o .9500 1.o618 1.35;o6 .9437 1.3479 
.28o]5 .21147 1.3248 .9978 .95O5 1.o619 1.35o5 .9438 1.3475; 

150 .28022 .21147 1.325"1 .9966 .9528 1.0621 1.3499 .9447 1.3454 
200 .28026 .21147 1.325;3 .995;5; .955;2 1.0623 1.3492 .945;5 1.3432 
25;0 .28034 .21147 1.3257 .9944 .9575 1.0625; 1.3487 .9464 1.3412 
300 .28038 .21147 1.3259 .9933 .9599 1.0627 1.3481 .9473 1.3391 
400 .28o5o .21147 1.3264 .9911 .9645 1.0631 1.3470 .9490 1.335;0 
500 .28063 .21147 1.327o .9889 .9692 1.0634 1.3458 .9509 1.3309 
600 .28o73 .21147 1.3275; .9868 .9738 1.0638 1.3446 .9527 1.3268 
7(30 .28087 .211~7 1.3282 .9846 .9784 1.0642 1.3434 .9544 1.3227 
8O0 .28097 .21148 1.3286 .9824 .9832 1.0646 1.3423 .95;61 1.3187 
900 .28109 .213J48 1.3292 .9803 .9879 1.0650 1.3412 .9579 1.3148 

I000 .28119 .21148 1.3296 .9782 .9924 1.0654 1.3401 .95;96 1.3108 
15o0 .28174 .21148 1.3324 .9677 1.015;7 1.0674 1.33~ .9681 1.2913 
2000 .28228 .21148 1.3348 .9576 1.0391 1.0694 1.3288 .9766 1.2724 
25;00 .28279 .21149 1.3371 .9477 1.0623 1.0713 1.3233 .9849 1.2541 
3000 .28328 .21149 1.3394 .9381 1.0857 1.0733 1.3181 .9931 1.2365; 
4000 .28420 .21150 1.3437 .9197 1.1321 1.o773 1.3078 1.0o93 1.2027 
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flow p r o c e s s  c o r r e c t i o n  f a c t o r s  ro t  a i r .  The  i n c r e a s e  
in  the  s p e c i f i c  h e a t s  due  to tht. v i b r a t i o n  of d t a tomzc  
m o l e c u l e s  w a s  i nc luded  by a : ; s u m i n g  the m o l e c u l e s  to 
be  p e r f e c t  h a r m o n i c  o s c i l l a l o r s .  T h i s  r e p o r t  c o n t a i c s  
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The  B e a t t l e - H r i d g e m a n  equa t ion  of s t a t e  w a s  u s e d  to  
c a l c u l a t e  s e v e r a l  of the t h e r m o d y n a m i c  p r o p e r t i e s  and  
flow p r o c e s s  c o r r e c t i o n  f a c t o r s  for  a i r .  The  i n c r e a s e  
in  the  s p e c i f i c  h e a t s  due  to the  v i b r a t i o n  of d i a t o m i c  
m o l e c u l e s  w a s  i nc luded  by a s s u u t i n g  the  m o l e c u l e s  to  
be  p e r f e c t  h a r m o n i c  o s c i l l a t o z ' s .  T h i s  r e p o r t  c o n t a i n s  
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The  B e a t t i e - B r i d g e m a n  e q u a t i o n  of s t a t e  was  u s e d  to  
c a l c u l a t e  s e v e r a l  of the  t h e r m o d y n a m i c  p r o p e r t i e s  and 
flow p r o c e s s  c o r r e c t i o n  f a c t o r s  for  a i r .  The  increase  
in  the  s p e c i f i c  h e a t s  due to the v i b r a t i o n  of d l a t o m i c  
m o l e c u l e s  w a s  i nc luded  by a s s u m i n g  the  m o l e c u l e s  to  
be p e r f e c t  h a r m o n i c  o s c i l l a t o r s .  T h i s  r e p o r t  c o n t a i n s  
the e q u a t i o n s  u s e d  and the t a b u l a t e d  r e s u l t s  of t h e s e  
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c a l c u l a t e  s e v e r a l  of the t h e r m o d y n a m i c  p r o p e r t i e s  and 
flow p r o c e s s  c o r r e c t i o n  f a c t o r s  for  a i r .  The  i n c r e a s e  
in  the  s p e c i f i c  h e a t s  due to the  v i b r a t i o n  of d i a t o m i c  
m o l e c u l e s  w a s  i nc luded  by a s s u m i n g  the  m o l e c u l e s  to  
be p e r f e c t  h a r m o n i c  o s c i l l a t o r s .  T h i s  r e p o r t  c o n t a i n s  
the e q u a t i o n s  u s e d  and the t a b u l a t e d  r e s u l t s  of t h e s e  
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t a b u l a t e d  q u a n t i t i e s .  In o r d e r  to  i l l u s t r a t e  t he  u s e  o f  t h e  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r a l  c a l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  a n d  
r e s u l t s  a r e  f o r  l s e n t r o p i c  e x p a n s i o n s  a n d  f low t h r o u g h  
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tabul ;Lted q u a n t i t i e s .  In o r d e r  to i l l u s t r a t e  t h e  u s e  of  t he  
t a b l e s ,  t he  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r n ]  c -~ lcu la t ions  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  a n d  
r e s u l t s  a r e  f o r  t s e n t r o p i c  e x p ; m s i o n s  a n d  f low t h r o u g h  
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t a b u l a t e d  q u a n t i t i e s .  In o r d e r  to  i l l u s t r a t e  t h e  u s e  o f  t he  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r a l  c a l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  a n d  
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ASTIA DOCUMENT NO.: 
AD-135"31 

A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r ,  A R e ,  I n c . ,  
T u l l a h o m a ,  T e n n e s s e e  

T H E R M O D Y N A M I C  P R O P E R T I E S  O F  AIR. T A I I L E S  
AND G R A P H S  D E R I V E D  F R O M  T H E  I~EATTIE-  
B R I D G E M A N  E Q U A T I O N  O F  S T A T E  ASSUMING 
V A R I A B L E  S P E C I F I C  H E A T S  by R. E. Rundu11, 
A u g u s t  1957,  86 pp. (Con t raL t  No.  AF 4 0 ( 6 0 0 ) - 7 u 0  
Sup.  6(58-J )  

2 re ferences 

T h e  1 1 e a t t i e - B r i d g e m a n  e q u a t i o n  of  s t a t e  w a s  u s e d  to  
c a l c u l a t e  s e v e r a l  of  t he  t h e r m o d y n a m i c  p r o p e r t i e s  a n d  
f low p r o c e s s  c o r r e c t i o n  f a c t o r s  f o r  a l r .  T h e  i n ~ ' r e a s e  
in  t he  s p e c i f i c  h e a t s ' d u e  to the  v i b r a t i o n  of d ia tumic ,  
m o l e c u l e s  w a s  i n c l u d e d  b y  a s s u m i n g  the  m o l e c u l e s  to 
be  p e r f e c t  h a r m o n i c  o s c i l l a t o r s .  T h i s  r e p o r t  c 'on tu ins  
t he  eq~mt ions  u s e d  a n d  the  t a b u l a t e d  r e s u l t s  el  t h e s e  
c a ] c u l a t i o n s .  G r a p h s  a r e  i n c l u d e d  to p r o v i d e  a g e n e r a l  

AI=DC.TR.$7.8 
ASTIA DOCUMENT NO.: 
AD-135331 

A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r ,  A R e ,  I n c . ,  
T u l l a h o m a 0  T e n n e s s e e  

T H E R M O D Y N A M I C  P R O P E R T I E S  O F  AIR: T A B l e S  
AND G R A P H S  D E R I V E D  F R O M  T H E  B E A T T I E -  
BRIDG~. 'MAN E Q U A T I O N  O F  S T A T E  ASSUMING 
V A R I A B L E  S P E C I F I C  H E A T S  by R. E.  R a n d a l l ,  
A u g u s t  1957 .  86 pp.  ( C o n t r a c t  No.  AF 4 0 ( 5 0 0 ) - 7 0 0  
Sup. 6(58-1 )  

2 r e f e r e n c e s  

T h e  B e a t t i e - B r i d g e m a n  e q u a t i o n  of' s t a t c  w a s  u s e d  to  
c a l c u l a t e  s e v e r a l  o f  t he  t h e r m o d y n a m l c  p r o p e r t l e s  a n d  
f l ow  p r o c e s s  c o r r e c t i o n  f a c t o r s  f o r  a i r .  T h e  i n c r e a s e  
In  the  s p e c i f i c  h e a t s  d u e  to  t he  v i b r a t i o n  of d i a t o m i c  
m o l e c u l e s  w a s  i n c l u d e d  by  a s s u m i n g  the  m o l e c u l e s  to  
b e  p e r f e c t  h a r m o n i c  o s c i l l a t o r s .  T h l s  r e p o r t  c o n t a i n s  
t he  e q u a t i o n s  u s e d  a n d  the  t a b u l a t e d  r e s u l t s  o f  t h e s e  
c a l c u l a t i o n s .  G r a p h s  a r e  i n c l u d e d  to  p r o v l d e  a g e n e r a l  

I .  A i r  - T h e r m o d y n a m l u  
p r o p e r t i e s -  - T a b l e s  

2. E q u a t i o n s  of  s t a t e  
3. A t r - S p e c t f l c  b e a t  

( v a r l s b l e )  
I. R , m d a l l ,  R.  E.  
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2. E q u a t i o n s  of  s t a t e  
3. A i r - S p e c i f i c  h e a t  
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I. R a n d a l l ,  R.  E .  
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A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r ,  ARC), i n c . ,  
T u l l a h o m a ,  T e n n e s s e e  

T H E R M O D Y N A M I C  P R O P E R T I E S  O F  AIR: T A B L E S  
AND G R A P H S  D E R I V E D  F R O M  T H E  B E A T T I E -  
B R I D G E M A N  E Q U A T I O N  O F  S T A T E  ASSUMING 
V A R I A B L E  S P E C I F I C  H E A T S  b y  R.  E.  R a n d a l l ,  
A u g u s t  1957.  86 pp.  ( C o n t r a c t  No.  A F  4 0 ( 6 0 0 ) - 7 0 0  
Sup. 6(58-1)  

2 r e f e r e n c e s  

T h e  B e a t t i e - B r l d g e m a n  e q u a t i o n  of  s t a t e  w a s  u s e d  to  
c a l c u l a t e  s e v e r a l  o f  the  t h e r m o d y n a m i c  p r o p e r t i e s  a n d  
f low p r o c e s s  c o r r e c t i o n  f a c t o r s  f o r  a i r .  T h e  i n c r e a s e  
in  the  s p e c i f i c  h e a t s  due  to  t h e  v i b r a t i o n  o f  d i a t o m i c  
m o l e c u l e s  w a s  i n c l u d e d  b y  a s s u m i n g  the  m o l e c u l e s  to  
b e  p e r f e c t  h a r m o n i c  o s c i l l a t o r s .  T h i s  r e p o r t  c o n t a i n s  
t he  e q u a t i o n s  u s e d  a n d  thc  t a b u l a t e d  r e s u l t s  o f  t h e s e  
c a l c u l a t i o n s .  G r a p h s  a r e  i n c l u d e d  to  p r o v i d e  a g e n e r a l  

AEDC-TR-57-8 
ASTIA DOCUMENT NO,: 
AD.155331 

A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r ,  ARC), I n c . ,  
T u l l a h o m a , .  T e n n e s s e e  

T H E R M O D Y N A M I C  P R O P E R T I E S  O F  AIR: T A B L E S  
AND G R A P H S  D E R I V E D  F R O M  T H E  B E A T T I E -  
B R I D G E M A N  E Q U A T R ) N  O F  S T A T E  ASSUMING 
V A R I A B L E  S P E C I F I C  H E A T S  by R.  E.  R a n d a l l ,  
A u g u s t  1957. 86 pp.  ( C o n t r a c t  No.  A F  4 0 ( 6 0 0 ) - 7 0 0  
Sup.  6(58-1)  

2 re ferences 

T h e  B e a t t i e - B r i d g e m a n  e q u a t i o n  of  s t a t e  w a s  u s e d  to  
c a l c u l a t e  s e v e r a l  o f  the  t h e r m o d y n a m i c  p r o p e r t i e s  a n d  
f low p r o c e s s  c o r r e c t i o n  f a c t o r s  f o r  a i r .  T h e  i n c r e a s e  
In  the  s p e c i f i c  h e a t s  due  to  t h c  v i b r a t i o n  of  d i a t o m i c  
m o l e c u l e s  w a s  i n c l u d e d  b y  a s s u m i n g  the  m o l e c u l e s  to  
be  p e r f e c t  h a r m o n i c  o s c i l l a t o r s ,  T h i s  r e p o r t  c o n t a i n s  
t he  e q u a t i o n s  u s e d  a n d  t h e  t a b u l a t e d  r e s u l t s  o f  t h e s e  
c a l c u l a t i o n s .  G r a p h s  a r e  i n c l u d e d  to  p r o v i d e  a g e n e r a l  
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AEDC-TR-5?-8 
ASTIA DOCUMENT NO.: 
AD-135331 

p i c t u r e  o f  t h e  e f f e c t s  o f  t e m p e r a t u r e  and  p r e s s u r e  o n  the  
t a b u l a t e d  q u a n t i t i e s .  In o r d e r  to i l l u s t r a t e  t he  u s e  o f  t he  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r a l  c a l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  and  
r e s u l t s  a r e  f o r  i s e n t r o p i c  e x p a n s i o n s  and  f l0w t l l r o u g h  
n o r m a l  s h o c k  w a v e s .  
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ASTIA DOCUMENT NO.: 
AD-135331 

p i c t u r e  o f  t h e  e f f e c t s  of  t e m p e r a t u r e  and  p r e s s u r e  o n  the  
t a b u l a t e d  q u a n t i t i e s .  In o r d e r  to i l l u s t r a t e  t he  u s e  o f  t he  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r a l  c l z l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  nnd 
r e s u l t s  a r e  f o r  i s e n t r o p l c  e x p a n s i o n s  and  f low t h r o u g h  
n o r m a l  s h o c k  w a v e s .  
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AEDC.TR.57.8 
ASTIA DOCUMENT NO.: 
AD.135:L11 

p i c t u r e  o f  t h e  e f f e c t s  o f  t e m p e r a t u r e  a n d  p r e s s u r e  o n  the  
t a b u l a t e d  q u a n t i t i e s .  In o r d e r  to  i l l u s t r a t e  t he  u s e  of  t he  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  o f  
s e v e r a l  c a l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  a n d  
r e s u l t s  a r e  f o r  l s e n t r o p i c  e x p a n s i o n s  a n d  f low t h r o u g h  
n o r m a l  s h o c k  w a v e s .  
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AITIA DOCUMENT NO.: 
AD.135331 

p i c t u r e  o f  t h e  e f f e c t s  of  t e m p e r a t u r e  a n d  p r e s s u r e  o n  the  
t a b u l a t e d  q u a n t f l i e s .  In o r d e r  to  i l l u s t r a t e  t he  u s e  of  the  
t a b l e s ,  t h e  c a l c u l a t i o n  p r o c e d u r e s  a n d  the  r e s u l t s  of  
s e v e r a l  c a l c u l a t i o n s  a r e  i n c l u d e d .  T h e s e  p r o c e d u r e s  a n d  
r e s u l t s  a r e  f o r  i s e n t r o p i c  e x p a n s i o n s  a n d  f low t h r o u g h  
n o r m a l  s h o c k  w a v e s .  
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